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RESEARCH MEMORANDUM

PERFORMANCE OF PURE FUELS IN SINGLE J33 COMBUSTOR
IT - HYDROCARBON AND NONHYDROCARBON FUELS

By Arthur L. Smith and Jerrold D. Wear

SUMMARY

Performance investigations of 13 fuels - five hydrocarbons, four
oxygenated hydrocarbons, and four substituted hydrocarbon-type fuels -
were conducted in a single tubular turbojet combustor in order to deter-
mine a possible relastion between combustor performance and fuel proper-
ties. The fuels tested were lsooctane, n-pentane, isopentane, 2,2~
dimethylbutane, 2-pentene, methanol, propylene oxilde, diethyl ether,
carbon disulfide, acetone, butylsilane, acrylonitrile, and acrolein.

Combustor temperature rise and combustion efficiency were determined
at alr-flow rates of O. 66 0.8, 1.0, and 1.3 pounds per second, inlet-air
total temperatures of 40~ and 200° F, and a range of heat-input values
from about 100 to 750 Btu per pound of alr. Combustor-inlet total pres-
sure was held constant at 14.3 inches of mercury sbsolute. Combustor
blow-cut limits were determined for the majority of the fuels over this
range of test conditioms.

At a heat-input value of 250 Btu per pound of alr, a tentastive
correlation was obtesined between cambustion efficiency and the parameter

ux/L%/s, where uy is the maximum burnlng velocity at atmospheric pres-

sure and tempersture and Ly dis the latent heat of vaporization at the
normel boiling point. The data also indicated an spproximste trend
toward an increase in maximum tempersture rise scross the combustor
wlth incregse in maximum burning velocity.

The general performance order among the fuels was: butylsilane,
carbon disulfide, and propylene oxide - highest; acrolein, acrylonitrile,
2-pentene, diethyl ether, n-pentane, isococtane, and acetone - intermedi-
ate; isopentane, 2,2-dimethylbutane, and methanol - lowest.
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INTRODUCTION

Research is belng conducted at the lewis laboratory to determine
design procedures and principles required for the development of high-
performence turbojet combustors. One phase of this research program is
concerned with a study of the importance of such individusl processes
as evaporation, ignitilon, resction, and quenching that occur in over-all
combustion. Because of the complexity of turbojet combustion, one meth-
od of studying the individual processes would be to establish a possible
relation among combustor performance and selected physical and/or funda-
mental combustion properties of the fuel. Thus, any relation obtained
may indicate the relative importance of the individual processes.

Studies of the relstion smong combustor performance characteristics
and propertles of pure fuels are presented in references 1 and 2. 1In
reference 1, combustion efficiency is related to meximum burning veloc-
ity and mininmum spark-ignition energy. A single pure fuel isooctane
(2 2,4-trimethylpentane) was used, and the range in the fundasmental cdm-
bustion propertlies was obtained by varying the oxygen content of the
inlet oxygen-nitrogen mixture. 1In reference 2, the range in fundamentsl
combustion properties of the fuel was obtainea by varylhg the fuel type.
An approximate relation between combustor performance snd maximum burn-
ing velocity was 1lndicated but, because the range of fuel properties was
small, nd conclusive relation could be established. Consequently, addi-
tional investigations wlth fuels having a wider range 1n physical and
fundamental combustion properties were reccammended.

The full-scale slingle-combustor, performence data reported herein
are a continuation of data reported in reference 2. Thirteen pure fuels,
including five hydrocarbons, were selected because of their wide range
in physical and fundamental combustion properties. The combustor test
conditions included one inlet-alr pressure, two inlet-air temperatures,
and four inlet-alr mass-flow rates. The inlet-~alr pressure condition,
14.3 inches of mercury absolute, was sufficiently low to be considered
severe from the standpoint of cambustion. The two inlet-air tempera-
tures (40° and 200° F) differed by 160° F. The air mass-flow rate was
varied fram 0.6 to 1.3 pounds per second, resultlng in a considersble
range of severity._. A varisble-area fuel nozzle (similar to the type
described in ref. 2) was used in order to minimize varlations in fuel
atomizatlion characteristics. - *- _ - :

The physical and fundamental combustion properties considered were
normal boiling point, heat content at the spontanecus ignition tempera-
ture, latent heat of vaporization, spontaneocus ignition temperature,
flammability range, minimum spark-ignition energy, and meximum burning
velocity. The combustor performance parsmeters used to compare the
fuels were maximum combustor temperature rise and combustion efficiency
at a heat-input value of 250 Btu per pound of air. The cambustion
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performance characteristics of the fuels are presented, and an attempt
to establish a relation between fuel properties and cambustor perform-
ance psrameters is made. i

FUELS

The fuels in the present investigation represent three classes;
(1) hydrocarbon, (2) oxygenated hydrocarbon, and (3} substituted hydro-
carbon. ILaboratory inspection data for these fuels together with
physical data from the literature far the pure materials are presented
in table I. The physical data for the pure fuels were compared with
laboratory test data in order to obtain the listed estimates of fuel
purity. The purity of the fuels was at least 95 mole percent except for
2-pentene, which had s purity of about 93 percent. Same fundsmental com-~
bustion data for these fuels are also included in table I.

APPARATUS AND INSTRUMENTATION

A disgram of the general arrangement of the single J33 combustor
and the auxiliary equipment is shown in figure 1. Air flow to the com-
bustor was measured by = square-edge orifice plate installed according
to A.S.M.E. specificatlions and located upstream of all regulating valves.
The combustor inlet-air quantities and pressures were regulated by
remote-controlled velves in the laboratory air-supply and exhaust sys-
tems. OThe air supplied to the cambustor had a dew point of either -20°
or -70% F.

A diagrammetic cross section showing the combustor and its auxiliary
ducting, the position of the instrumentation planes, and the locstion of
temperature- and pressure-measuring instruments in the Iinstrumentation
planes is presented in figure Z. Thermocouples and total-pressure tubes
in each instrumentation plane were located &t centérs of equal annular
area. Construction detalls of the temperature- snd pressure-messuring
instruments are shown in figure 3.

The two fuel systems used in the present investigation are i1llus-
trated diagrammatically in figure 4. In each system, nitrogen pressure
was used to force the fuel from the fuel storage accumulators or tanks
to the combustor. The systems were flushed with isooctane and then
purged with nitrogen after the completion of each fuel run. This was
done in order to free the systems of contaminants and of air.

In the system shown in figure 4(a), valves were installed to permit
separate or parasliel opergtion of the accumulators. Rubber bladders
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were Installed in the accumulators to separate the nitrogen and the fuel,
preventing possible dissolution of the nitrogen in the fuel. The fuel-
flow rate was determined by means of dalibrated rotameters located down-
stream of the accumulators. This system was used for the following fuels:
isooctane; isopentane; n-pentane; 2,2-dimethylbutane; 2-pentene; and
methanol. . Because of the corrosive nature of propylene oxide, diethyl
ether, carbon disulfide, and acetone, the bladders were removed from the
accumulators during tests on these fuels.

The system shown in figure 4{b) was designed to permit the measure-
ment of the fuel flow by means of a timé --“weight-flow method 1n order
to eliminate the necessity of open-air calibration of rotameters for the
toxic fuels: acrolein, acrylonitrile, and butylsilane. This system is
different from that illustrated in figure 4(a) in that there were no
bladders in the fuel tanks, and the tanks couid not be used independently
of one another. The fuel flow was delermined by measuring the time rate
of change in weight of the tanks. Small fuel tanks were used instead of
the large accumuletors in order to decrease the fuel-supbly system-tare
welght for a more accurate fuel-flow measurement.

A variable-grea fuel nozzle was used in this investigation in order
to minimize the variastion in nozzle pressure drop with change in fuel
flow. A detailed destription of this fuel nozzle is given in reference 2.

PROCEDURE

The combustor performance of the majority of the fuels was deter-
mined at the followlng inlet-air conditions with inlet-air total pres-
sure held constant at 14.3 inches of mercury absclute:

Inlet-air Inlet-alir velocity,® o B N
mass flow, ft/sec
1b/sec
Inlet-air totgl temperature,
F
40 200
0.6 80 79
.8 80 105
1.0 100 13z
1.3 130 173

8Based on cambustor meximum cross-
sectional ares of 0.267 sg ft measured
12% in. downstream of section B-B (fig. 2).
Tests were limited with acrylonitrile, acroiein, butylsilane, and
carbon disulfide because ¢f the small quantity of these fuels avalleble.
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The desired combustor inlet-air test conditions were established at
s low fuel-flow rate {about 200° F combustor temperature rise), and data
recorded when conditiong were stabilized. Fuel flow was then increased
to obtain increments in combustor temperature rise of abcut 200° F. This
procedure was continued until rich blow-out occurred or the maximum
capacity of the fgcilities was attained. The ignition plug was de-
energized during operation.

In order to determine the reproducibility of the test results, iso-
octane fuel was Ilnvestigated periodically over the testing period. In
addition to the routine checking of the iscoctane data, the cambustion
chamber was periodically cleaned to ensure freedom from deposits which
might affect performance.

CALCULATTIONS

Combustor temperature rise. - The combustor temperature rise was
determined as the increase in gas temperature from section B-B to C-C
(fig. 2). The temperature at B-B was the average indication of the two
iron-constantan thermocouples; the temperature at C~-C was the arithmet-
ical average indication of the 16 chromel-alumel thermocouples. The
indicated thermocouple reasdings were taken as true values of the total
temperature.

Combustion efficiency. - Combustion efficlency was defined as

Actual enthalpy rilse across cambustor
Heating value of fuel X fuel flow

The equations and charts of reference 3 were used to. determine combus-
tion efficiency for the hydrocarbon fuels. Additional informetion con-
cerning the use of these charts is presented in reference 2. The method,
however, is restricted to fuels containing only hydrogen and caxrbon.

The combustion efficiliency for the oxygenated hydrocarbons was de-
termined by assuming the products of combustion to be carbon dioxide and
water vapor; for example, ' -

CH4OH (methanol) + excess air - CO; + HO + excess air

The combustion efficiency for the substituted hydrocarbons was de-
termined by assuming the following reactions to occur:
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CS; (carbon disulfide) + excess air »+ COy + SOp + excess air

CzHzN (acrylonitrile) + excess air - COz + H20 + N2 + excess air

CyHgSilly (butylsilane) + excess air = (0p + HyO + 510, + excess air.

The enthalpy Tise of the oxygenated and substituted hydrocarbon

fuels was determined as the difference in the enthalpy of the products
of combustion at the exhaust temperature and of the inlet temperature.
Enthalpy ‘data’ used to compute the enthalpy rise are from references 4,
5, and 6; heating values of the fuels are presented in table I (Lower

heat of combustlon) along with physical and fundamental combustion data
obtained experimentally and from referehces 7 to 27.

The inlet-air total-pressure values were obtained from the 12
total-pressure tubes (section A-A, figs. 2 and 3), which were connected
to a single manifold. e

In order to place the performance aof the variocus fuels on a com-
parable basis, heat input (prodnct of fuel-air ratioc and lower heat of
combustion of the fuel) was used in place of fuel—air ratlo as one of
the independent variables. ' _ L -

RESULTS

Combustor performance data for five hydrocarbon, four oxygenated
hydrocarbon, and four substituted hydrocarbon fuels obtained in a single
J33 combustor are presented in table ITv Figures 5 to 17 present rela-
tlons among heat input, combustor temperature rise, and combustion ef-
ficiency for each of the fuels investigated at each of the various op-
erating conditions. ~Combustor bhlow-out points are alsc noted in these

figures. : . - - A

Throughout the test program periodic checks on the perfarmance of
the combustor were made using isooctane as a reference fuel. The devia-
tion in combustion efficiency and combustor temperature rise for varicus
heat~input values is shown in figure 5. These data were obtained over

a period of 6 months, during which time the cambustor was disessembled ’
several times. The average percentage deviation of the combustion ef-
ficiency of individual data poinmts from the curve faired through all fhe
data was #l percent. The waximm deviation of the combustion efficiency
was 4 percent. Consequently, differences above 2 percent among fuels ~
may generally be considered as real differences, while differences be-
low 2 percent fall within the reproducibility range. Blow-out polnts
could be checked’ closely at the time bbtained; however, comparable data
obtained over a period of time varled to some degree.

3554
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The data of figures 5 to 17 indicate, in general, a progressive in-
crease in temperature rise with heat input up to the rich blow-out point.
However, a4t some of the inlet canditions, the maximum temperature rise
obtained with Isooctane, acetone, and diethyl ether occurred at heat-
input values lower than that required for rich blow-out. The heat-input
values at the rich blow-out points decreased, in genersl, with an in-
crease in inlet-air temperature and inlet-alr mass-flow rates. Rich
blow-out points were cbtained with all hydrocarbon fuels (figs. 5 to 9),
acetone (fig. 11), and diethyl ether (fig. 12) at all combustor-inlet
conditions. For the other fuels, rich blow-out points were not obtained
at some combustor-inlet conditions bhecause of limitations imposed by the
test facilities. These points are indicated on the figures as facility
limited and are ldentified along with rich blow-out points by an assigned

symbol.

Meximum temperature rise tended to increase with increase in inlet-
air temperature at the lower air-flow rates., However, at the higher
air-flow rates, the reverse of this trend is evident. Maximum tempera-
ture rise generally decreased with increase in ajir-flow rate.

Combustion efficiency, in general, decressed with increases in
inlet-air mass~flow rate for all fuels except propylene oxide (fig. 13},
acrolein (fig. 14), carbon disulfide (fig. 16), and butylsilane (fig.
17). For these fuels, combustion efficiency remained substantially con-
stant with increases in inlet-air mass-flow rate. An incresse in inlet-
air temperature improved combustion efficiency slightly for the majority
of the fuels at all inlet-air mass-flow rates.

The highest cambustion efficiency and combustor temperature rise
observed, approximately 97 percent and 2254° F, respectively, were ob-
tained with propylene oxide and butylsilane fuel at a low inlet-air
mass-flow rate. This temperature-rise value represenis & facility limi-
tation. During tests with butylsilane, flocculent particles, possibly
products formed by hydrolysis, were observed in the rotameter. After
the completion of tests wlth this fuel, a collection of these particles
was found in the fuel filter. When the cambustor was disessembled, a
heavy silicon dioxide coating was observed on the fuel nozzle, the com-
bustor, and the exhaust thermocouples. A photograph of the fuel nozzle
and combustion chamber showing the silicon dioxide deposits is presented
in figure 18. The deposit at the base of the fuel nozzle and on the
dome of the liner was a fine powder (fig. 18(a)) in contrast to the
coarse granular deposits (fig. 18(b)) observed on the nozzle tip, the
immer liner wall, and the exhaust thermocouples (not shown). The
combustor-outlet temperasture data obtained with this fuel are probably
lower than the actual gas temperature because of the insulating effect
of the heavy deposits formed on the exhsust thermocouples.
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DISCUSSION

The objective of the investigation reported herein was to determine
a possible relation between cambustor performance end physical or funda-
mental combustion properties of the fuels. Two representative combustor
performance parameters were selected for meking comparisons among the
fuels. The first parameter chosen was combustion efficiency at a heat-
input value of 250 Btu per pound of air, the maximm heat-input value at
at which dats were available for all fuels. Cambustion efficiency at a
particular heat-input value is related to the fuel consumption of the
engine. The seccond performanCE'parameter, maximm temperature rise
through the combustor, is related to.the altitude operational limits of
the turbojet engine.

Combustion Efficiency

A comparison of cambustion efficiencies obtained with each fuel at
a hegt-input value of 250 Btu per pound of air 1s presented in figure 19.
An increase in inlet-air mass-flow rate and, consequently, air velocity,
usually tended to decrease coambustlion efficlency and to increase the
variation in combustion efficiency with fuel type. In general, the fuels
providing the highest and the lowest cambustion efficiency were butyl-
silane and methanol, resgpectively. The differences between methancl and
butylsilane varled from approximately 30 to 80 percent at the different
operating conditions. The general performance order of the remaining
fuels was carbon disulfide, propylene oxide, acrolein, acrylonitrile,
2-pentene, diethyl ether, n-pentene, isooctane, acetone, lsopentane,
and 2,2-dimethylbutane, From figure 19, it is evident that the per-
formance order of the fuels changed somewhat with combustor operating
conditions; conseguently, no single correlation between combustion effi-
ciency and fuel properties is likely to be effective over the entire
combustor operating range. It iIs noted that the high performence fuels
were less affected by changes in inlet-air mass-flow rates.

Camparison of combustion efficlency with physical fuel properties. -
Some physlcal properties of the fuel that may be considered to have pos-
sible effects on combustor performance are (a) latent heat of vaporize-
tion, (b) boiling point of the fuel, and (c) heat content at the
spontaneous ignition temperature. An increase in the megnitude in any
one of these properties might be expected to reduce the rate of vaporl-
zation and, consequently, impede the over-all cambustion process. How-
ever, compariscns of these properties (see table I) with the combustion
efflciencies of the fuels described in the preceding sectlon indicate
no consistent reletion.

Comparison of cambustion efficiency with fundamental combustion
fuel properties. - Some fundamental combustion properties of fuels that
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mey be considered to have possible effects on combustor performasnce are
(1) spontaneous ignition temperature, (2) flammability range, (3) mini-
mum spark-ignition energy, and (4) maximum burning velocity. An increase
in flammability range or maximum burning velocity, or a decresse in min-
imum ignition energy or spontanecus ignition temperature might be ex-
pected to effect increases in the rate of the combustion process.

Attempts to relate spontaneous ignition temperature and flammability
range with combustion efficiency were unsuccessful. There was a slight
trend toward a decresse in combustion efficiency with decrease in flamma-
bility range and increase in spontaneous lgnition temperature; however,
the scatter of the data was greater than could be tolerated for corre-
lating performance. :

Maximum burning velocity of fuels, with the exception of carbon
disulfide, can be correlated approximately with minimum spark-ignition
energy (refs. 7 and 8). Accordingly, if a correlation between combustor
performance end maximum burning veloclty is obtalned, a similar correls-
tion between combustion efficiency and minimum spark-ignition energy
would be expected. In view of the greater inherent errors associated
with determination of minimum spsrk-ignition energies, the combustor
performance data for the various fuels were considered in terms of the
maximum burning velocity.

In figure 20, combustion efficiency at a heat-input value of 250
Btu per pound of air 1s plotted asgainst maximum burning velocity
(cm/sec). The inlet-air mass-flow rate and inlet-air temperasture are
1.0 pound per second and 40° F, respectively. Interpolated dats from
figure 19 are included for butylsilane, acrylonitrile, acrolein, and
carbon disulfide. Also included in figure 20 are data from reference 2
for five hydrocarbon fuels and comparable combustion efficlencies of
isococtane obtalned from Interpolation of date from reference 1. Data of
reference 1 were obtained in a turbojet combustor of the same design,
opergted with varying concentrations of oxygen in the inlet oxygen-
nitrogen mixture. The values of maximum burning velocity for isococtane
in various oxygen~-nitrogen mixtures were obtained from reference S.

Deviation of the isooctane data of the present investigation from
the corresponding data from reference 1 might be attributed to the dif-
ferences in fuel atamization resulting fram the use of different fuel
nozzles. There is reasonable agreement between the two sets of data
and there is g definite trend toward an increase in combustion effi-
ciency with increase In maximm burning velocity.

The date points for carbon disulfide and methanol deviate appreci-
ably from the mean curve of figure 20. Examination of the data of table
I indicates that the minimum spark-ignitlion energy of carbon disulfide
and the latent heat of vaporization of methanol differ appreciably fram
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the average. No cunsistent trend in. the relstive posltion of the dats
points of figure 20 with the relative value of minfmum spark-ignition
energy is evident. However, the dats of figure 20 generally indicate
that for fuels with approximately the same maximum burning velocity,
those fuels with higher latent heats of veporization give lower combus-
tion efficiency. Accordingly, an attempt was made to correlate combus-
tion efficiency in terms of both maximm burning veloecliy and latent heat
of vaporization. The correlation obtained is shown in figure 21 where

combustion efficiency is plotted sgasinst the parameter ux/L%,/3 Here
U, 1s-the maximum burning velocity (cm/sec) at atmospheric presgsure and
temperature and L, 1is the latent heat of veporization (Btu/lb of alr) at

the normal boiling point. Interpolated data from figure 19 are included
for butylsilane, acrylonitrile, and acrolein at two inlet-air mass-flow
rates and alr temperature conditions, and for carbon disulfide at one
inlet-air mags-flow rate and two inlet-air temperatures. The combustion
efficiency data of reference 2 for igooctane, cyclohexane, methylcyclo-
hexane, n-heptane; and benzeneare also included in the correlation

A reasonable correlation of the. combustion efficiency data 1s ob-
tained for the majority of the fuels and operating conditions. However,

the parameter ux/Lg;/3 must be regarded as tentative in view of the

sericus' deviation of some fuels from the mean correlation curve at some
test conditions.

A comparison of the correlation date of figure Z1 with those of
figure 20 shows that the modified correlating_parameter ux/L%/3 (1) im-

proved the correlstion of methanol, acrylonitrile, and acetone data;
(2) did not improve the correlation of carbon disulfide data; and (3)
increased the deviations of 2-pentere and acrolein data. The devistlons

exhibited by both correlations (ux and ux/L% 3) might be asttributed to
a number of different factors. The values of u, were determined at

conditions considerably different from those used in the turbojet-
combustor tests; the effects of variables such as air temperature and
pressure and fuel-alr contact time on flame speed varied considerably
among the fuels tested. Furthermore, a number of varisbles that in-
fluence the primary-zone mixture conditions were not considered, for
example, the effects of physical propertles of the fuel on fuel stomize-
tion and on spray penetration in the combustor” primary zone.

Data presented in reference 10,suggest that the rate-controlling
process in the turbojet combustor changes with combustor operating con-
ditions. Similarly, the rate-controlling process might be expected o’
change with fuel properties; for example, the combustion rate of a low-

flame-speed fuel might be limited by its flame speed, whereas the
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combustion rate of a high-flame-speed fuel might be limited by its vapor-
izgtion characteristics. If this is true, considersbly more date than
are presented herein will be required to establish an adequate correla-
tion between combustion performance and fuel properties.

Maximm Temperature Rise

Comparisons of several physical properties (boiling point, latent
heat of veporization, and hest content at the spontaneous ignition tem-
perature) and fundamental combustion properties (flammability range and
spontaneous ignition temperature) wilith the maximum temperature-rise data
of the fuels, presented in figures 5 to 17, indicated that none would
sgtisfactorily predict the relative performance trends obtained.

In figure 22 the maximum combustor temperature rise is plotted
against maximm burning velocity at each of the combustor inlet-air con-
ditions investigated. Data are presented only for those fuels for which
meximum temperature-rise points were obtained at all combustor inlet-air
conditions. Maximum temperature-rise data from reference 2 gre included
in the figure. With the exception of acetone and 2-pentene, the data
indicate g slight trend toward an increase in maximum temperature rise
with increase in maximum burning velocity. This trend, which is sub-
stantiated somewhat by the limited maximum temperature-rise data ob-
tained with acrolein, acrylonitrile, and propylene oxide, is consistent
with the trend reported in reference 2. However, again the scatter of
the data is too great to permit a prediction of meximum temperature rise
in terms of meximum burning veloeity. No consistent trend in the rela~
tive position of the data points in figure 22 with the relative wvalue
of latent heat of vaporization was found. Accordingly, the parameter

ux/L%/3 would not provide a satisfactory correlation of the data of
figure 22. '

CONCLUDING REMARKS

Results of this Investigation indicated, in general, that fuels
with higher values of maximum burning velocities attained higher com-
bustion efficiency and maximum temperature rise. An gpproximate corre-
lgtion of combustion efficiency at a constant heat-input value with
maximum burning velocity and latent heat of vaporization was obtained
in this investigation; however, serious deviations from the correlation
were observed for some fuels ai some of the test conditions. These de-
viations may be attributed to (1) the effects of fuel atomization and
primary mixture distribution on combustor performasnce, or (2) insuffi-
clent knowledge of the fundamental combustion characteristics of the
fuels at the combustion operating conditions investigated.
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The results of this investigation suggest that no single fuel prop-
erty or combinastion of fuel properties will adequately correlate the .
effect of changes in fuel type on cambustor performence over the entire
engine-~operating range. Both physical and fundamental combustion prop-
erties are probably ilmportant factors in combustor performance.

SUMMARY OF RESULTS

3554

In order to determine & possible relatlon among the physical or
fundamental combustion properties of fuels, or both, and their cambus-
tion performance, investigations of 13 pure fuels were conducted in a
single tubular combustor. The following results were obtained.

1. The data indicated an approximate trend toward an increase in __
combustion efficiency and maximum temperature rise across the combustor
with increase in meximum burning velocity.

2. At a heat-input value of 250 Btu per pound of air, a tentatlive
correlation was obtained between combustion efficiency and the parameter

ux/L%/s, where wu, is the maximum burning velocity at atmospheric pres-

sure and temperature and L, 1s the Latent heat of vaporizetion at the
normal boiling polint..

3. On the basls of combustion efficliency at a heat-input value of
250 Btu per pound of air, the genersl performance order of the fuels was -
butylsilane, carbon disulfide, and propylene oxide highest; acrolein,
acrylonitrile, 2-pentene, diethyl ether, n-pentane, isooctane, and ace-
tone intermediate; isopentane, 2,2-dimethylbutene, and methanol lowest.

4. Changing inlet-air mass flow and inlet-alr temperature altered
the sengitivity of combustor performance to changes in fuel type. In-
creases in alr mass-flow rate or decrease in inlet-alr temperature
generelly decreased combustor performance and increased differences in
combustor performance among fuels.

Lewis Flight Propulsion lLaboratory
National Advisory Committee for Aercnautics
Cleveland, Ohio, February 4, 1955
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TABLE I. - LABORATORY INSPECTION DATA AND PHYSICAL AND FUNDAMENTAL COMBUSTION DATA OF FUELS

Fuel Phyaical data Fundansatal conbustion data
Labaratory veluas Literature wvalugs for pures fuel Lower |Mimimm — Puxl.n.u
heat of |igmtion [tansous |bility [burning
Den- [Refrao-|Fresg~ |Eydro- [Lower [esti- |Den- [Rafrac-]Preex- [Normal|tatent ] Vis- |Bydro- |Hsat oomizis - leaneargy, [ignitimrange, |velocity,
aity |tlve ing gon- [osat of pmtad (mity [tive i boll- |beat of coshnh coslly |[gen. |oontent|slon, Joulwe [temper— |parvent | am/ass
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&89 ¥ lat P | t.on, wole (88° P |at, pc%:t-, icatdon [bhrangh |87 ¥, [welght |through . jomtrio
Gl ratio b |[peroent sad p at hpon-  |centi- fretlo |norwal {rich
norwal [tenacus (polsen [balling [T
bolling Hegnition polnt, 1lean)
go:m-., [tampar- [Atu/1b
wlb mture
Bru/ip {a) ()
Inooctane  |0.892[°1.3918[%-161.5[%.1a0 [%19,085 [ 999.6 [%0,802["1.8016[%-181.3[9m0.8 [A126.7 | 9805 ["c.somfo.28e | Y95 [%1p,085(5.0m0-3 | em7 fs01 | Esas
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TABLE IX. — PERFORMANCE DATA FRCM SINGLE COMBUSTCOR OPERATING WITH HYDROCARBON AND NONHYDROCARBON FUELS
[Combustor-inlet total pressure, 14.3 in. Hg absy
{a) Isooctane; combustor-inlet total temperature, 660° R

Run{ Atr Combuator-[ Fuel | Fuel- | Puel- Fuel |Eeat |Mean Kean Combus - Renarls
£low, | 1nlet flow, | air norzle tem~ input |acmbus- temper- tion effid
1b/seq reference | 1b/hr| ratio j differ- |per- jBtu/lb{tor—out- |ature ciency,
velocity ential ature, alr |let tem- [rise parcent
(nominal), pressure,| op perature, | through
ft/mec 1b/eq op combustor,
in. op
1 ]0.595 T9 26.8]0.0125 2.1 75 258.5 1460 800 87.2
e -595 51.6| .0148 21.9 T 2081.2| 1810 985 8s.8
31 .595 57.0| .0175 24.2 75 528.3 1740 1080 87.8
4 .598 41.7] .019¢ 2t. 4 74 569.3 1860 1201 8s8.1
S -600 45.9| 0208 24.9 87 97.1 1925 1265 87.0
[ -60C 21.6| .0100 20.4 75 120.6 1275 615 a2.4
7 589 46.3| 0215 25.1 &7 409.3 1960 1300 87.0
8 -601 47.5] .0220 — _— 418.5 1985 1305 85.8 Blow-out (Av. of 2 pts.}
9 800 205 18.0] .0066 18.9 72 126.8 2960 301 59.7
10 .800 24.7| .0086 20.9 71 1635.5 1115 456 .4 Inlet~air veloclty unsteady
11 800 350.5] .0108 21.4 &8 201.9 1280 €20 78.6
12 -796 36.5| .0127 24.4 67 242.9 1420 760 8l.2 Orifice pressure unateady
13 .800 £1.7] .0145 24.8 66 276.1 1520 860 81.7
14 802 48.CG| .0186 25.1 €5 517.1 1865 1005 84.3
15 -803 $2.5| .0182 5.4 -_— 346.2 1750 1090 84.5
1€ .804 56.5] .0185 25.5 64 372.1 1830 1173 85.3
17 -800 59.7] 0207 26.5 60 385.2 1870 83.2 Hesonance
18 .802 63.6] .0220 26.2 60 . | 419.4| 18500 1240 80.1 Resonance
19 -803 72.5| 0251 — 61 478.2 1299 75.2 Blow-cut resonance
20 -803 £6.5] .0250 5.4 — 438.5| 1816 1260 75.8 Blow-out resonance
21 803 55.8( .0117 5.3 83 222.9 1365 706 a1.7
22 600 79 39.0| .@s1 18.8 82 544 .3 1785 1124 a7.8
25 977 1352 19.3[ .00S5 . 18.9 65 104.6 895 258 56 .4
24 977 26.4| .007S 20.7 85 1435.1 285 328 57.3
25 -977 31.2| .0089 21.5 61 169.1 1086 428 63.8
26 877 39.5] 0112 24.0 &1 214.1 1250 582 0.8
27 977 47.0| 0134 24.6 63 254.7 1365 706 T1.8
28 |1.000 56.5| .0157 24.7 —_— 299.1 1470 a2 Tl.2
29 |1.000 20.4| .0057 19.1 108.0 200 240 55.1
30 |1.000 as.1| -Q — 61 440.0 1610 952 58.5 Blow-cut
31 {1.000 63.5] .0176 25.8 59 356.3 1570 §11 7.8
32 |1.003 51.0| .0141 25.1 82 265.2 1580 T51 70.6
33 [1.004 74-4) .0208 26.8 58 382.8 1615 956 65.3
54 |1.299 173 30.7| .0088 21.1 &7 125.2 870 215 42.5
55 |1.293 19.0| .0040 18.8 n 77.48 830 i72 54.7
36 [1.308 41.1 | .0087 T75.35 64 166.8 945 286 43.0
57 |1.306 51.1) .0108 19.5 61 207.3 1010 352 43.0
38 [1.303 61.1)..0030 18.8 58 248.3 1080 425 43.5
39 (1.308 71.0[ .0151 5.9 58 288.1 1115 456 40.7
40 |1.285 80.5| 0173 31.0 56 329.3 1140 482 37.9 Exhaust pressure unsteady
41 11.294 85.7 | 0194 — - 350.8 1155 497 36.8 Blow-ocut
42 |1.297 63.5 | 0158 24.8 58 259.3 1085 426 £2.0
43 .996 132 45.5 | .0126 24.7 61 240.8 15350 669 .7
44 .998 t 45.0 | 0125 24.4 62 238.7 13520 86%1 _ Tl.4
45 .8 105 44.4 | 0154 24.2 63 294.0 1605 42 8.7
46 .00 79 57.5| .0L74 24.8 65 351.0 1755 1088 88.7
47 11.02S 132 22.8 | 0062 21.8 T4 118.3 114E 285 59.% Inlet pressure unsteady
48 11.025 ; 53.6{ .0145 27.6 -— 277.0 1390 7350 68.6 Inlet pressure unsteady
49 (1.025 77.1| 0209 31.0 —_ 398.3 15355 aT4 58.8 Inlet pressure unsteady
S0 [1.330 173 27.1| .00S57 21.0 7L 107.9 a70 210 48.3 Inlet pressure unsteady
51 [1.330 ‘ 55.61 . 27.3 —-— 215.3 1000 541 40.5 Inlet pressure unstesdy
52 |1.3530 77.5] 0162 30.6 &6 308.7 1050 391 32.6 Inlet pressure unsteady
553 [1.003 132 56.3 .gﬁs 271.1 59 297.2 1450 788 69.6
54 [1.003 t TT.1 | & 31.0 - 4Q7.0 1595 2354 6l.6
55 -800 105 21.¢ | -0076 22.5 - 145.0 1055 392 67.9
58 .800 l 46.7 | 0162 25.4 70 308.2 | 1645 983 84.4
57 -800 84.1 | .0223. 27.9 -— 424.4 1880 1221 78.7
-.600 79 25.6 | 0109 21.7 T4 208.4 1355 694 85.7
59 600 1 43.3 [ 0201 24.6 72 382.3 1890 1229 87.4
60 |1.300 173 61.3 | o131 26.6 &8 249.8 1080 400 49.8
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TABLE II. ~ Continued. PERPORMANCE DATA FROM SINGLE COMBUSTOR OPERATING WITH HYDROCARBON AND NONHYDROCARBOM FUELS
{Combustor-inlet total pressure, l4.3 in. Hg absg]
(a) Concluded. Imooctane; combustor-inlet total temperature, S60° R
Run|Air Contustor-|Puel |Fuel- § Fuel~ Puel |Heat }Mean Mean Combus- Memarks
flow, |inlet flow, |air noczle tem- input [combus- tenper- tion effi-|
1b/eac| reference [1lb/hr |ratio | differ- |per- |Btu/lbjtar-out- {ature olency,
velocity ential ature,] air |1st tem- |rise percent
nomd. s sure, perature,| through
£y/sec 1b/8q og combustor,
in. op
81{1.300 173 8.1 |0.01LTS 32.9 €7 330.4 1096 435 34,1
ge| .598 9 0.4 L0341 21.7 72 | 268.2 1580 916 89.5
65| .598 -‘ 5.7 0205 25.9 72 | 587.0 00 1240 87.5
64|1.302 17s 26.8 .0057 19.8 72 108.2 75 214 49.0
65(1.298 79.2 L0170 0.8 71 325. 1 476 38.1
66(1.302 35.7 0078 25.7 a1 145.22 bas 254 45.4
€7(1.302 56.6.1 .012) £26.4 al 230.51 1055 p-1:1-3 43.6
6811.302 78.3 .gi.g 3¢.7 g1 318.58 1126 465 37.7
63| .802 105 46.56 o 25.5 81 . [ 307.14 1825 965 83.3
T0{ .802 Tt §9.1 0240 26.4 a1 466.23 1940 ".3
71| .S868 79 38.8°] .JLEL 23.1 82 344.70 1790 1130 88.2
72| 596 2 44.4 .0207 27.2 a2 394.45 1810 1249 86.4
75| .986 132 54.3 .g%g 2T1.1 — |'2B848.64 1438 775 70.2
74 .998 ] S54.3 - 24. 4 —— 288.64 1458 796 T2.1
75] .602 79 268.2 -0130 28.9 70 248.04 1505 842 88.6
76| .802 l‘ 45.5 0200 29.3 69 580.92 1890 1227 87.6
77(1.500 175 22.5 | .00&8| 2204 72 | 91.88| BES 205 §5.%
78(1.305 t 46.5 o 25.3% TL 188.7 It 325 5.4 Inlet pressure unateady
79| .996 152 55.5 . 2.7 72 |189.0 1145 510 8.5
80} .995 i 59.1 .018B 27.6 T2 314.6 14958 835 69.9
81] .5939 79 21.5 <00ge 24.4 77 'jl88.3 1280 619 B4 .0
82| .599 26.9 0134 25.8 78 254.7 1535 ars 8g.7
83| .569% 55.0 0162 27.4 177 309.4 1886 1073 88.0
841 .599 40.4 .0187 5.4 77T | 357.3 2030 1leg 88.4
85| .803 105 59.9 0158 25.2 77 £265.1 1508 84S 84.0
as| .803 l 55.9 .0133 28.4 76 368.7 1795 1156 83.2
871 .803 688.0 0235 28.8 78 448.4 1920 1260 77.3
88, .58% 19 21.8 L0101 13.2 78 192.7 1295 £32 83.9
e8| .599 £0.8 0180 .9 77 361.7 1826 1188 87.1
80| .599 47.8 02X — T 420.0 1865 13505 85.3 Blow-out
9l 592 21.6 0101 19.9 80. |195.3 1205 545 1.8
a2] .592 354.3 0161 26.2 8Q 306.6 1676 1016 86.0
95 .582 42.2 .0198 21.5 80 377.5 1879 1212 ar.l .
94| .59¢ 48.5 .0228 -—— 80 435.9 2005 1547 85.6 EBlow-out
95) .592 24.0 Q113 2.1 85 214.7 1375 718 86.2
26| .800 106 2.2 0074 22.3 B85 140.3 1015 3685 63.3
87| .800 £8.7 0169 £26.4 :13 322.4 1880 1000 az.5
98| .800 67.0 0253 28.6 a5 443.5 iglo 1250 TT.4
891 .800 T2.4 0261 — 84. | T3.5 1850 1230 Th.d Blow-out
1004{1.600 132 Ta.4 0218 54.5 42 | &15.8 1585 926 59.6 Inlet pressure unstesdy
10111.000 ; a0 1 | .0223 —— g2 |424.2 1585 906 B7.3 Inlet pressurse unatesady, Blow-out
102] .60Q 79 25.5 0118 22.5 -~ 87 225.2 i:ZO 758 87.1
103| .6800 54.5 .016Q 6.4 &7 504.5 85 1024 889.4
104| .600 40.5 .0188 27.5 87 | 357.5 1835 1173 8e.7
105( .800 47.3 0219 —— 87 417.5 19 1309 86&.1 Row-out resonands
106| .800 105 27.9 0094 21.8 a6 178.7 1175 515 7.1
107| .6800 51.5 01789 27.2 a6 340.9 1725 1088 83.7
108} .800 66.2 0250 26.9 86 | 458.3 1925 1265 79.3
108) .B0Q : 72.2 0251 ———— 8g 478.0 1960 1230 74.6 Blow-out
1101.000 1s2 29.2 0061 .9 83 154.6 1045 584 62.4
11111.000 l 75.8 Re.-s i 52.3 88 401.5 1888 925 81.7
112] .998 az2.4 0229 —— 88 437.2 1600 e 57.8 Blow-out
1135|1.300 i 52.8 0070 25.4 890 133.6 900 241 45.0
114 .825 1?5 54.8 0012 25.3 as 223.682 1370 706 81.4 Inlet presaurs unsteady
115| .823 86.5 L0191 2%.7 aq 363.57 1785 1135 84.2 Inlet pressure unsteady
116| .998 132 54.8 0152/ 1%.0 ag’ | 289.78 1480 798 72.1 Inlet temperature unateady
117} .998 { .69.1 Q192 2.8 88 366.82 1830 asd 71.6 Inlet pressure unsteady
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TABLE IX. - Cuhtinued. FERFORMANCE DATA FROM SINGLE COMBUSTOR OFERATING WITH HYDROCARBON AND NOMHYDROCARBON FUELS
[Combustor-inlet total pressure, 14.3 in. Hg absj
(b) Isooctane; combustor-iniet total temperature, S00° R

Run [Air Combustor-{Feel | Fuel- | Fuel- Fuel | Heat |Mean Mean Combus - Remaria

flow, |1inlet flow, | alr norrle tem~ input, | combua- temper- tion effi-

1b/sec| refaerence [1b/hr| ratioc | differ- |per- | Btu/ibftor-cut- |ature clency,

veloclty ential ature, air |let tem- [rise percent
nominel}, pressure, op perstures, [ through
tt/see 1b/sq og oombus tor,
in. o

118|1.297 130 351.0} 0.0068 21.3 64 126.6 . 179 S4.4
119{1.297 40.0 .0088 —— 81 165.4 T35 54 35.1
12011.297 50.8 01089 24.7 S9 207.5 810 508 36.6
121 j1.297 60.0 01289 25.2 58 245.0 870 568 37.4
12211.297 8.5 0149 28.2 57 283.9 825 424 57.3
125|1.297 79.5 0170 31.1 55 524.7 286 482 3T.4
124 |1.297 87.6 .0188 38.7 55 | 357.7 1015 514 36.4
125]1.286 85.3 0200 —— E6 381.4 1020 519 34.6 Blow-out
126 |1.000 100 50.0 0083 2.5 154.8 8056 3504 é],.o Inlet pressure unsteady
127{ .99%9 41.6 0118 18.8 &2 | 220.6 1005 505 <L
128 | .g98 52.3 0148 25.4 59 277.6 885 62.6
129 | .998 70.0 0195 —_— 5T | 371.5 1410 809 65.6
130| .800 B0 £3.8 01562 24.9 58 250.0 1370 &7 77.0
131 | .801 £7.2 0164 25.4 58 Jlz2.2 1470 g7 80.5 Hesonance
132| .800 49.1 <0171 265.6 57 325.1 1815 1015 81.3 Resonance
1357 .799 54.0 .0188 25.8 56 358.1 1605 1104 81.0
154)1.000 I 35.5 0099 4.2 60 i88.0 910 409 53.8
13511.000 48.7 -0135 25.4 58 258.0 1115 614 60.0
136 ]1.000 45.7 -0127 ——— 58 242.0 1Q70 569 59.0
157) .796 30 28.0 0098 21 .4 85 186.3 935 436 57.9
158| .796 24.7 0088 21.3 85 164.3 855 358 53.3
139| .796 44.5 0155 — 61 286.1 1380 a8l 76.5 Resonance
140| .796 46.8 0163 25.1 60 311.4 1470 270 80.7 Resonance
141 | .796 492.6 L0173 25.4 59 330.1 1835 1055 81.8 Resonance
142| .796 52.6 -0184 25.6 59 348.9 1580 1080 8l1.0
1431 .786 59.5 .0208 —— 59 395.9 1865 1158 78.0 Resonance
144 .796 66.5 02352 — 58 445.2 1740 1239 Th.9 Resonence
145| .800 58.4 0203 — 58 388.7 1835 1135 77.6 Resonance
1468) .800 69.8 0242 —_— —-— 480.9 1760 1260 73.5 Resonance
147 .796 56.8 .0198 5.7 &3 376.6 1826 1125 78.8 Resonance
148l .792 58.9 0207 25.8 63 | 394.0 1880 1160 78.0 Resonance
149 .793 82.6 L0218 26.1 &5 418.2 1710 1210 7T.1 Heaonance
150 .802 61.5 L0213 25.8 635 406.2 1636 1195 78.2
16| .802 I 67.5 0198 25.4 &3 378.5 1645 1145 79.9
162| .€07 80 61.5 023 25.7 63 406.2 1885 11858 17.5
1531 .798 80 54.6 .0158 25.9 :13 302.1 1510 1010 86.8
154| .798 £5.2 L0157 24.8 68 300.0 1580 73.6
165| .789 4.1 0143 24.8 [:1:] 272.5 127Q 789 71.8
155| .800 38.2 .0133 24.8 [:1:) 262.9 1205 705 70.6
157| .802 34.3 0119 24.0 69 226.5 1110 609 €7.5
168) .7%9 32.4 L0113 22.9 89 214.7 1075 574 66.9
159 | .801 30.1 0104 22.1 70 189.1 1020 519 64.9
180| .808 2T.1 .0093 21 .4 71 178.1 526 424 58.9%
161 . 22.8 0079 20.8 71 150.6 816 514 S51.1
lé2| .800 45.0 0170 5.1 68 324.4 1495 994 76.7
183) .799 55.1 .Q182 25.3 [:1:] 56G.4 1610 1108 79.9
1l64| .798 58.5 0204 25.9 87 388.2 1665 1154 78.7
las| .798 64.2 -0225 26.3 87 426.0 1720 1219 76.4
le6| .799 T2.4 0252 26.3 - 480.0 1730 1229 68.8 Blow-out
187 .587 30 21.7 .0229 2.7 n 245.8 1280 780 80.6
168| .587 24.1 012 21.6 72 | 215.8 X 655 77.0
169: .597 2C.5 0085 21.5 13 181.9 1010 51Q €9.7
170) .598 30.1 0140 22.2 75 268.6 1570 870 83.6
171 .558 5.5 0155 5.4 72 | 295.0 1465 866 84.7 Resonance
172| .588 38.0 L0187 24.6 72 | 318.8 1485 1066 87.2
173| .595 38.0 LOL7T 25.9 72 | 338.3 1610 1120 86.9
174} .597 41.1 0181 —— T2 3564.6 1685 1185 85.9 Rescnance blow-out
176} .998 100 271.1 <0075 21.35 66 [°143.8 765 255 43 .4
17611.000 | = 28.9 0080 21.8 &6 153.1 ™o 289 £6.3
177{1.000 33.2 .0092 25.2 65 | 175.8 885 364 51.0
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TABLE II. - Continued.

(b} Gontinued.

[Combuator-inlet total pressuyre, 14.5 in. Hg aba}

Iscootane; combustor-inlet total temperature, 500% R

NACA RM ES55B02

PERPORMANCE DATA FROM SINULE COMBUSTOR QFERATING WITE EYDROCARBON AND NONHYDROCARBOM FUELS

Run [Air Combustor~|Puel | Puel- | Fuel- Fuel [Heat |HMean Mean Combus- Remiri®
flom, |[Inlet flow, | air norzle tem- |input,|combus- temper- tion effi-
1lb/bec |reference |1b/hr | ratio | differ- | pera-|Btu/1b|tor-out- |ature clency,
veloclity ential ture, alr [let tem- [rise percent
nominal}), pressure, op perature,| through
ft/aec 1b/sq og combus tar,
in,
178 1.00Q 100 38.5 P.0107 24.5 65 1203.8 g50 - 449 54.7
119 .998 44.6 | ,0024 25.0 63 | 236.6 1050 549 58.1
180 .988 4.7 ] .01350 24.8 63 1 24T7.9 1090 589 59.7
1811 L.002 49.6 | .0138 25.0 82 |282.2 1140 639 61.5
12| 1.000 56.5 | .0L57 25.4 61 |299.2 1235 34 62.5
185 ] 1.000 58.2 | .0164 25.9 61 ]3515.5 1260 759 61.9
184 .997 67.5 | .0lB8 26.7 53 | 587.9 1380 aso 63.7
186 .594 &0 29.8 | .0139 2.9 64 | 265.8 1355 855 82.5
186 .598 25.2 | 0117 21.3 68 (225.1 1190 &90 78.0
187 .601 19.0 | .0Q88 .0 58 {167.4 930 430 63.5
188! 1.004 100 5¢.2{ .0l64 25.9 52 1312.4 1275 TS5 63.5
189 | L.004& 62.86 ] -0173 26.0 60 | 330.3 1325 82¢ 4.2
190} 1.004 64.2 ] .0178 26.1 60 ] 338.7 1355 634 63.5
191] 1.004 67.5 | .0187 26.4 60 | 356.2 1575 875 63.8
192 .99T 47.8 | 0133 25.8 8§ | 252.9 1100 8OO 59.7
193 .998 53.5| .0148 25.8 84 ) 283.9 1200 Q1L 62.7
194 .98 62.01 .0173 25.2 63 ]329.1 1510 a0s £3.2
195] 1.000 - 69.1 | .01g2 26.9 83 | 365.9 1590 as0 £5.1
186} 1.002 7.5 | 0199 27.3 62 | 578.5 1410 209 62.5
197| 1.000 76.0) .02} 29.1 82 ) 402.5 1445 44 51.3
196 1.000 82,5 | 0229 34.2 62 | 437.1 1460 859 57.7
199 | 1.000 87.5 | 0243 —— B3 | 462.4 1410 209 8.7
200| 1.301 130 43.5] .00g92 24.9 68 |176.3 760 259 36.0
201 1.301 51.1| .0l09 25,0 68 .0 830 329 39.1
202( 1.301 58.1 | .0L24 25.0 &5 | 236.5 [:1:253 364 38.2
208) 1.301 66.2 ] .0141 26.0 64 ) 269.4 920 419 56.8
204 1.301 70.6 | .0151 26.4 62 | 287.4 9456 445 38.8
205( 1.301 78.5| .0168 23.9 65 | 319.6 980 480 55.8
206 1.301 86.1 ( .0ls4 56.9 83 | 350.5 1010 510 36.a
207} 1.301 S4.1 | .0201 ———— 64 | 383.1 loao 520 54.5 Blow-out
208f 1.300 56.8 | .0079 5.4 6D | 149.9 710 210 342
209} 1.500 30.0} 0064 —_—— 88 | 122.2 870 170 33.8
2104 1.300 46.5} .0099 —_—— B8 | 189 .4 790 230 37T.7
211 .800 90 44.6] .0155 ———— &9 | 295.3 1585 ass 75.3 Inlet pressure unsteady
212 .800 46.5| .0162 25.0 69 ) 307.9 1445 945 T9.4 Inlet pressure unsteady
215 800 41.7] .0146 25.2 89 | 278.1 1305 805 74.5 Inlet pressura unsteady
214 .800 41.2] 0143 5.2 70 | 272.8 [* 1285 785 T3.4 Inlet pressure unsteady
25 .687 Q 27.56] .0l28 21.3 T2 | 244.8 1270 - 7 80.0
216 -800 T 22.5] .0104 20.8 74 | 198.7 1080 580 72.%
217 .600 52.5] .0151 22.6 T3 | 285.9 1435 9355 84.0 Heacnance
218; 1.Q00 100 41.2] 0014 4.9 71 | 218.1 99 454 58.4
219| 1.000 l B6T.0| .018s 25.4 67 | 554.8 1360 859 62.6 Inlet pressure unsteady
220 1.000 50.6 | .0Qa6 18.8 67 | 162.1 815 313 47.4
221 1.500 130 35.8] 0072 21.5 BT | 136.5 705 203 36.3
222 1.000 1?0 30.2] .0084 2.4 74 | 159.9 ano 500 46.0
2237 1.000 §5.5( .0l54 25.1 T4 | 294.0 l220 TiE - g2.2
224 1.000 78.5| 40218 31.4 T4 | 415.8 14310 208 57.1
| 225 602 &0 27.5] .0l2s 25.7 74 | 240.2 1280 750 T9.1
228 .602 t 58.5] .0177 25.0 T | 558.8 1550 1050 8l1.0
227 1.302 130 36.0| .0Q77 25.9 T | 148.4 T20 219 56.5
228 1.302 T&.9| .0160 28.5 T4 | 304.7 975 474 39.1
22¢| 1.302 90.3| .0193 42.8 T4 | 567.4 995 495 34.1
230 .799 30 33.8( .0135 268.9 T4 | 257.2 1235 T35 72.5
231 .788 §6.2| .0195 28.1 74 1 572.5 1605 1105 78.1
232 598 e} 38.4| .0189 25.3 68 [ 5322.4 1575 1077 87.3

B e
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TABLE II. - Continued.

(b) Concluded.

2l

PERFORMANCE DATA FROM SINGLE COMBUSTOR OPERATING WITH HYDHOCARBON AND

NONHYDROCARBON FUELS

(Combustor-inlet total pressure, 14.3 In. Hg abs}

Iscoctane; combustor-inlet total temperature, 500° R

Run|Alr Combus tor- {Fuel Fuel- Fuel- Fuel | Heat Mean Mean Combus -~ Remarks
flow, |(inlet flow, | air nozzle tem- | input, | combus- temper- tion effi~
lb/sec|reference |lb/hr| ratio | differ- |perz- Btu/1b|tor~ocut- |ature oiency,

velocity ential ture, alr [let tem~ |rise percent
nominal), pressure, | op perature, | through
rt/sec 1b/8q combustor,
in. O

23310.602 60 28.210.0130 20.9 83 | 248.0 1300 802 82.3

234f .602 l 36.1| .0167 27.1 83 | 317.6 1550 1050 86.2

235| .602 20.8| .0096 21.4 83 | 185.0 1015 516 70.1

25611.298 130 30.7| .0066 24.5 83 | 125.3 690 188 36.5

237}11.298 t 88.2| .0188 40.4 80 | 359.8 1020 519 36.6

238) .§02 fO 23.3) .0108 26.1 692 | 205.0 1125 623 76.2

239| .602 31.9) 0247 27.9 71} 280.6 1420 918 84.2 Resonance

240| .998 100 64.1| 0178 28.9 668 | 340.1 1325 824 62.4

24111.010 i a1.5} .0224 39.2 65 | 427.3 1390 890 54.4

242}11.315 130 83.6 | .0177 41.3 85 | 336.7 1005 504 37.8

243| .600 60 235.1] .0107 20.9 74| 203.8 1110 610 T4.9

244| .600 ¥ 31.7| -0147 15.4 T4 | 279.9 1415 915 84.1 Resonance

24511.000 100 41.6| .0116 26.5 73 [ 220.4 1015 514 58.2

246 .600 60 39.8] .0la4 26.3 71 | 351.4 1640 1141 85.5 Resonance

247 | .998 100 T1.6| 0199 30.9 69 | 380.0 1405 S05 62.0

248 | .998 ‘ 88.9 | .0247 —— 701 471.7 1395 895 49.9 Blow-out

249 |1.302 130 36.3| .0078 27.2 70| 147.7 716 215 35.5

250(1.300 l 54.7| 0117 28.0 71 | 222.9 840 340 37.7

251 {1.300 69.0| 0147 - 28.6 71| 281.0 925 425 37.8

25211.300 79.5| .01L70 31.4 71 | 323.9 985 486 37.8

2551 .600 60 18.9 | .0088 22.9 77| 166.8 925 423 62.6

254| .600 { 37.9| 0176 26.0 78 | 354.6 1605 1105 86.6

255| .598 30.2| .0140 25.1 78 | 267.5 1355 854 81.7

2561 .998 100 6l.4] .0171 28.4 78 | 325.8 1295 794 62.6

257| .998 100 78.5] .0219 32.3 78 | 416.6 1460 260 60.4

258 |1.000 100 87.1| 0242 — 78 | 461.2 1375 874 49.7 Blow-out

259 [1.300 130 31.4} .0087 235.0 80 | 127.9 T0O 199 57.9

260[1.300 } 65.3 | .0140 27.3 78 | 266.0 905 405 37.9

261 | .600 60 54.8 | .0161 26.0 80 | 307.1 1500 1000 84.5 Resonance

262 [L.300 130 57.8 1 .0081 £6.0 80 { 154.0 720 220 34.9

263 .998 100 82.4 | .0229 39.0 80 | 437.2 1430 929 55.7

264 | .800 80 67.0 | .0233 28.4 79 | 443.5 1730 1230 T4.2

265| .800 # 70.5 ] .0245 —_— 79 | 466.7 17355 1235 71.1 Blow-out

266 .798 24.0 | 0084 24.0 79 1159.3 a35 335 51.7

267| .800 €0 25.2 | .0117 25.9 88 | 222.85 1180 677 T76.T

268} .600 60 31.7| -0147 26.3 88 | 279.9 1405 904 83.0 Reaonance

269 t1.000 100 26.0 | .0Q72 25.0 68 [ 137.7 750 248 44.0

270 1.000 74.8 | .0208 30.4 88 | 396.2 1415 913 60.1

271 (1.000 81.3 [ .0226 34.8 81 { 430.5 1450 948 57.8

272 ]1.000 86.8 | .0241 ——— 81 P&SQ . 1380 860 45.0 Blow-cut

275 | .800 80 26.0 | .0090 23.4 T4 [ 172.1 875 375 55.7

274 .800 54.3 | .0l89 28.5 74 | 359.4 18615 1115 8l1.6

275| .800 65.1 | .0228 28.3 76 | 430.9 1730 1230 76.3

276 .800 70.4 | 0244 ——— 76 | £65.9 1775 1275 T73.7 Blow-out

277] 600 [:]s] 26.0 | .0120 24.1 76 | 229.5 1215 715 78.7

278 | .605 60 33.5 | .0154 28.4 76 | 295.2 1470 870 85.5 Resonance

279 | .995 100 69.7 | .0195 30.5 76 | 371.0 1390 890 62.3

280} .995 l 80.0 | .0223 39.7 78 | 425.7 1460 860 59.2

281 | .995 85.0 | .0240 — 76 | 457.8 1400 900 51.6 Blow-out

282 |1.300 130 33.9 | .0072 26.6 77 | 138.1 710 209 36.9

283 | .600 &0 21.3 | .0099 21.3 a2 | 188.0 1075 571 75.8

284 | .800 [} 27.1 | .0126 25.9 83 | 239.3 1250 749 79.3

285 |1.300 130 51.5 | .0110 25.4 84 | 209.7 810 308 56.0

266 {1.300 1 86.0 | .0184 45.4 al | 350.4 1010 510 36.8
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TABLE IX. ~ Continued. PERFORMANCE DATA FROM SINGLE G(EB(!_S_TOR OPERATING WITH HYDROCARBON AND NONHYDROCARBOMN PUELS

(Combustor-inlet total pressure, 14.3 In. Hg aba]

{c} n-Pentane;

combustor-inlet total temperature, 860° R

NACA RM ES5B0O2

Run/ Air Combus tor- |Puel Fuel-|Fuel- PFuel [Heat |Mean Mean Combus- Remarks
flow, |inlet flaow, | air nozzle tem- |input, |combus- temper- tion effri-
1lb/sec|reference |ib/hr| ratioc]differ-~ |pera-{Btu/lb|tor-ocut- | ature clency,

velocity ential ture, air |let tem- | rime percent
(nominal), pressure,i op perature,| through
ft/sec 1b/sq combustor,

287/0.998 132 . 22.5]0.0063 25.4 69 121.1 1005 343 70.7

288( .998 35.7| .0098 31.5 69 192.2 1155 483 55.2 .

288 .998 47.68] .0133 37.3 (1] 257.2 1325 684 66.8

290| .998 58.5| .0163 31.5 &8 514.9 1445 Ta4 85.4

291 .998 65.6| .0177T 32.0 &8 3542.3 1485 825 63.7

292 .998 €8.21 0190 —_— &7 367.1 15Q5 845 6l.1 Blow-out

283| .BQ2 105 22.5] .0078 25.5 87 150.7 1125 463 I7.4

294 .802 33.5] .01lls 30.7 66 224.3 1340 .1:1e8 78.1 Inlet pressure unsteady

295 .802 45.8| .0152 33.5 68 2935.4 1545 885 79.5

296 | .802 62.6| .0217 55.4 :1:2 418.7 1810 1150 74.6 Inlet pressurs unsteady

297] .802 66.5{ .0250 — 66 455.4 1885 1225 75.5 Blow-out

298 [1.300 173 235,31 .0050Q 28.0 B9 968.3 915 254 B5.% .

299 11.300 t 36.0| .0077 31.4 69 148.8 955 294 49.5

300] .597 79 22.9 ] .0107 7.7 71 206.2 1350 668 83.3

301} .597 27.1} .0128 29.4 73 243.9 1465 803 85.7

302| .597 33.5| .0158 31.3 70 301.5 1650 991 a7.2 Resonance

303 .597 41.6] .0134 33.5 67 374.4 16456 1185 85.8 .

504 ] .597 46.6] .0217 54.2 67 419.35 1970 1310 85.9

305{ .597 48.68 ] .0226 | -—- &7 437.5]1 201D 1381 85.3 Blow-out

506 [1.3500 173 27.4) .0059 29.4 87 113.2 920 258 56.6

307 [1.300 83.8 | .01L1S 3L.1 67 222.4 1020 360 41.1

308 (1.300 61.6 | .0132 — 67 254.5 1080 400 40.1 Blow-out

309 [1.300 44.0 | 0094 54£.1 67 181.8 960 300 41.5

310]1.300 56.8 | 0121 52.6 67 253.8 1030 570 40.2

311} .806 105 58.7 ] 0202 354.0 [51: 591.3 1765 110% 78.3

312 (1.300 173 58.5| .012% 33.4 58 241.8 1080 402 42.4

515 ]1.300 50.2 ) .QO65 30.8 68 124.8 825 267 53.3 |

314 |1.00Q 132 30.2( .0084 | 30.4 [:1:] l62.2§ 1105 445 €9.2

316 {1.000 ° 55.1 | .Q148 J4.4 68 285.3 1385 705 84.4

316 J1.0Q0. 55.0| .0A53 | 30.8 68 285.5| 1395 T35 65.0

317 1.300 173 44.2 | .009¢ 36.9 77 182.7 985 306 42.0°

318 [1.300 48.2 | .0105 34.4 77 189.2 980 320 40.5

319 [1.300 52.3 | .0112 544 7 216.2 1005 345 40. 4

520 (1.300 68.5 | .0l25 34.4 76 241.8 103Q 370 40.0

32} [1.010 152 43.5 | .0120 56.0 76 231.3 1250 584 65.4

322 [1.300 173 49.0 | .0l05 33.9 74 202.8 985 326 40.7

323 11.300 40.0 | .0088 33.1 T4 165.3 945 286 43.4

324 [1.300 %6.) | .0077| 3i.9 72 149.2 935 276 46.3

326 1.300 26.3 [ .0056 3l.2 72 108.7 910 251 57.3

326 1.300 50.Q | .0107 35.4 T 206.8 995 336 41.1

327 | 802 105 42.5 | .0147 S54.7 71 284.7 1510 848 8.2

328 .798 51.4 ] .0179 55.7 &9 3545.6 16850 990 76.5

329 | .799 59.2 { . 32.4 1 598.0 1740 1079 75.3

330 | .799 28.2 | .0102 51.7 L 196.3 1270 609 79.3

3351 998 132 . 54.5 | .0151 32.4 71 292.2 1380 721 64.3

¥aae
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TABLE II. - Continued. PERFORMANCE DATA FROM SINQLE COMBUSTCOR OPERATING WITH HYDROCARBON AND
NONHYDROCARBON FUELS
fCombustor-iniet total pressure, 14.3 in. Hg abs}
(a} n-Pentene; combustor-intet total temperature, 500° H

RunjAlr Combus tor-|Fuel Fuel- (Fuel- Puel |Heat Mean Mean Combus - Remarks

flow, | inlet flow, | air nozzle tem- (input, }combus— temper- tion effld

lb/sec| reference |1b/hr| ratio|differ- |pere- |Btu/lb{tor-out- |ature clency,

veloelty ential ture, air |let tem- |[rise percent
(nominsl), pressure,i op perature,| through
ft/sec 1b/sq og combus tor,
in. o
F
33210.595 60 33.5{0.0156 25.5 68 302.5 1500 1+ 998 85.7
333( .595 27.2] .0127 22.4 68 245.8 1275 775 80.2
334] .585 22.51 .0105 20.7 69 203.1 1130 630 77.8
335| .598 38.2| .0177 28.2 67 343.1 15985 1095 83.7
336| .596 46.0} .0214 —_—— - 414.7 1750 1249 80.5 Blow-out
3371 .598 43.8 | .0204 28.4 — 394.7 1710 1209 8l1.5 Resonence
338} .798 80 21.8] .0076 25.8 67 145.8 880 379 63.5
339 .798 33.1| .011s8 25.86 87 222.8 1120 618 69.8
340) .798 43.7] .0152 28.9 67 294.2 1335 834 T2.7
341 | .798 51.6§ .0180 29.0 66 347.4 1550 1048 79.0 Resonance
342 .798 53.6| .0187 —— 86 360.9 1580 1088 79.3 Blow-out
343 [1.001 100 25.3| .0085 23.8 69 125.0 785 294 57.5
344 |1.001 33.1| .0082 25.1 63 177.86 830 428 59.6
345(1.001 44.2[ .0123 28.5 69 237.1 1125 623 66.1
345 |1.001 52.2( .0145 31.1 69 280.0 1250 749 68.1
347 [1.004 75.8} .0210 —— 69 405.6 1430 929 59.9 Blow-ocut
348 |1.001 61.8} .0172 27.8 69 331.7 1385 883 68.8
349 |1.300 130 21.8} 0047 22.4 69 920.1 700 198 53.4
360 [1.300 33.5] .0072 26.4 69 138.4 755 256 45.2
351 |1.300 43.8| .0094 30.0 3] 181.0 810 311 42.3
352 11.300 54.3f .0116 30.8 69 224.3 920 421 46.6
353 |1.300 658.41 .01l42 27.8 69 274.4 990 491 44.9
354 11.300 79.4| 0170 -—— 56 328.2 1035 536 41.3
355 | .588 60 36.6] .0170 27.6 66 328.8 1550 1051 83.5 Blow-out
(e} Isopentane; combustor-iniet total temperature, 660° R

356 .799 105 24.7} .0086 31.6 71 165.8 1155 494 75.4
357| .799 35.0} .0122 34.7 7L 234.9 1335 ° 6§74 74.1
3581 .79¢9 47.0) .0163 36.2 71 315.4 1485 825 68.9
359 .799 56.1f .0195 —_——— 72 376.6 1560 900 63.8 Blow-out
360|1.300 173 23.8] .0051 32.4 73 98.2 800 237 59.8
361 J1.300 36.3| .0078 39.4 73 149.7 215 253 42.3
362(1.300 48.5| .0104 41.9 73 200.0 855 2383 37.0
3651.300 S57.4] .0123 —_—— 73 2586.7 970 308 33.1 Bl ow-out
364| .599 79 22.2} .0103 34.8 T4 198.8 1350 687 88.8
365 .599 29.1} .0138 31.4 T4 260.6 1535 B74 87.9
366 | .599 33.9| .0157 35.0 74 303.5 1580 1018 89.2
367| .589 43.9] .0204 —— T4 393.0 1910 1248 86.7 [Blow-out
368 |1.308 173 28.7| .0081 30.3 T4 117.8 305 245 51.7
369 [1.306 I 43.1]| .0092 35.3 T4 176.9 825 268 37.8
370(1.308 51.8| .0110 38.4 74 212.7 855 298 35.4
371} .800 105 29.6| .0103 32.0 T4 198.5 1245 584 75.2
372 .800 i 42.1| .0148 38.6 T4 282.2 1445 784 72.6
375 .800 51.5| .0178 38.0 T4 345.2 1530 868 66.7
374} .600 79 26.7| -0l24 34.5 T4 238.6 1480 798 87.0
375 .600 36.8| .0170 37.5 T3 [329.0 1735 1072 87.3 iResonance
376 | .600 40.8] .0189 57.4 72 1564.7 1835 1172 87.0 [Resonance
377§1.008 132 30.1| .0083 34.4 T4 160.1 1075 418 §5.7
378 1.008 43.4| .Q120 39.4 73 230.9 1190 531 58.9
379/1.008 52.1) .0144 ——— 71 2717.2 1235 576 55.6 Blow~out
38Q| .995 22.6| .0063 34.4 T4 121.8 1000 341 69.8
381 [1.003 35.6| .0088 36.8 T4 180.3 1130 472 62.9
382(1.003 47.6) .0132 37.9 74 254.4 1220 560 56.6
383 11.003 53.5| .0148 ——— T4 286.1 1230 570 51.5 Blow-out
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TABLE II. - Contimued. PERFORMANCE DATA FROM SINGLE COMBUSTOR OPERATING WITH HYDROCARBON AND NONKYDROCARBOM FUELS
[Combustor~-inlet total pressure, 14.3 in. Hg abs]
(f) Isopentane; combustor-inlet total temperature, 500° R

Run) A1r Combustor-iPuel | Puel-]Fuel- Fuel jHeat |Mean Mean Comhus - Remarke
flow, |inlet flow, | air nozzle . tem- [input, |sombus- temper— tion effi
1b/gec|reference |lb/hr| ratio|differ- | pera-|Btu/lbitor-cut- |ature cleney,

veloolty entisl ture, ailyr [let tem- | rise percent
nominall, preagure,| op perature,| through
ft/sec 1b/8q og combus tor,
in. op

384|0.60% 50 28.9(0.0133 25.1 75 256.9 1310 808 80.2

386| .503 22.6( .0104 2r.2 75 201.0 1070 587 TQ.5

388| .603 3%,.9| 0156 3Q.0 Tk 301.4 1480 978 84.2 Resonance

387| .603 42.4( .0185 — T3 377.0 1645 1144 80.2 | Blow-out

388| .603 43.8] .0201 - TE 387.6 1660 1157 78.1 Blow-out

389|1.000 100 25.8| 0066 kil 127.6 TS 294 56.4 .

390|1.000 35.3] .0098 T8 189.3 880 379 49.5

391(1.000 43.8] .0122 Th 255.3 965 466 49.4

392]1.000 57.8] .0160 T4 308.9 1025 526 42.9 Blow-att

395{1.000 50.5| .01L40 T4 270.8 1005 508 46.8

394 (1.300 130 25.2] 0050 78 95.7 695 197 50.0

395(1.3Q3 35.5{ .0078 75 148.8 705 205 34.1

386}1.303 47.91 .0102 76 197.3 T4S 245 50.5

397{1.303 53.7| .0116 75 221.0 785 285 31.8

3981{1.303 S8.7| .0125 75 241.7 790 230 29.7 Blow-out

398 (1.303 83.56| .0l14 76 220.7 765 265 29.5 Inlet pressure unsteady

400|1.505 42.3| 0090 78 175.8 725 223 31.4

401 |1.305 28.8| .06l 76 118.3 705 203 41.8!'

402| .802 80 21.3| 0074 75 142.4 850 348 60.0 .

403 | .802 32.3| .0Ll2 76 216.0Q 1055 553 64.0

404 .802 40.5| .0140 76 270¢.8 1205 703 85.9

405 | .802 47.71 .0165 76 318.9 1250 T49 60.1

406 | .60L 60 36.0) .0168 72 321.2 1535 1034 85.9

4071| .601 i 40.53| .0L86 72 359.5 1620 119 82.0

408 (1.2398 130 25.9 | .006S T3 107.0 708 203 45.1

409 {1.300 40.5| .0087 3L.8 T3 167.1 726 224 32.8 Inlet presaure unsteady

410 11.3502 62.3| .Q133 —_— 73 256.6 §0OS 302 29.2 Blow-out

4111 .80a 80 35.6| .0124 29.4 T2 258.6 1126 624 65.8

412] .600 S0.6| .0178 35.4 T2 33%.2 1315 . 8L4 51.8

413 ( .800 45.2( .0160 29.4¢ 72 302.9 1285 784 58.3

414] .800 56.7| .0197 — T2 580.1 1355 853 58.2 Blow-out

41511.009 100 40.5| .0112 29.7 71 215.3 930 £27 48.3

418 |1.009 29.9 | .0082 5.4 71 168.9 815 313 48.4

41711.0089 53.8| .0148 S5l.4 71 285.9 1045 542 £7.T

418 (1.009 AT.4 | 0131 29.9 ka8 251.9 1010 S10 50.7

419 | .999 27.0| .0075 25.8 71 144.9 805 3504 51.4

(g) 2,2-Dimethylbutane; combustor-inlet total tegperature, 560° R

420| .595 79 24.2| .011% 28.2 81 218.3 129 629 Th7

421| .695 33.5) .0156 29.1 80 299 .4 157 908 80.1 3light resonance

422| .685 42.4] 0198 31.6 80 5748.89 1825 1166 a3.3

423} .595 50.7] 0237 ——— 80 4583.2 2000 1341 81.8 Blow-cut

42411.302 173 24.3 | .0052 28.9 80 2%.1 :1:17 193 48.2

42511.302 44.3 | .Q098 0.1 80 1835.4 8395 235 32.2

426 1.502 64.4 | 0137 31l.1 84Q 265.1 70 310 30.0

42711.302 87.8 | .0145 —_— 80 a277.Q 975 325 29.9 Blow-out

428 .800 105 24.1 1 .0084 27 .4 & 160.2 1080 420 8§6.0

429 | .800 35.5[ .0123 31.5 aa 236.1 1260 E00 66.3

430 | .800 47.2§ 0164 31.3 80 515.8 1515 71.8

431 | .800 64.11 .0223 —— 80 426.2 1735 1075 88.5 Blow=-cut

432 | .998 132 24.1 | .0067 27.1 84Q 128.4 965 306 59.4

433 | .998 47.2 | .0OL31 31.0 80 251.8 1160 501 51.0 .

434 | .998 §2.5] .0174 3l.4 8l 5335.1 1345 [.1:13 53.9

435 998 70.1 | .0195 ——— 8l 375.5 1390 751 51.7 Blow~out

436 11.296 piy-3 35.7 | 0077 51.5 a1 146.5 850 188 52.1

437 1.298 S4.4 | .OLLT 3l.8 a1 205.2 936 274 31.1

438 [1.298 31.4 | Q067 29.4 a1 128.9 845 185 35.7

£39 11.296 23.5 | L0050 28.8 81 96. ¢ 845 185 47.5

440 11.298 65.5 | .01L40 — 81 268,8 965 305 29.Q Blow-out

441 (1.002 152 35.6 | .0093 30.2 a1 178.3 1020 558 50.8

442 11.002 53.9 | .0148 50.85 a2z 285.0 1256 575 B2.0

443 {1.002 64.5 | (178 52,1 a2 S541.4 1350 £90 5.0

444 11.002 70.3 | .0185 —— a2 373.2 1570 710 50.2 Blow-out

445 | .00 105 .| 30.2 } .0LOS 26,8 | 82 200.8 1180 520 65.9

446 | 803 43.0 [ .0149 28.8 8z 264.7 1370 108 64.8

447 ] .8Q3 Sa.l | .02q1 51.8 82 584.8 1666 994 69.4

A48 ) 803 64.6 | 0224 ——— az 427.9 1750 1068 67.7 Blow-out

449 | 805 54.5 ] .0189 31.9 82 560.9 1810 950 70.2
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TABLE II. - Contimued. PERFORMANCE DATA FROM SINGLE COMBUSTOR OPERATING WITH HYDROCARBON AND

NONHYDROCARBON FUELS

[Combustor-inlet totel preasure, 14.3 In. Hg abs]
(h) 2,2-Dimethylbutane; cambustor-inlet total temperature, 500° R

~H
[Te)
Te] Run}Air Combustor- |[Puel Puel- Fuel- Fuel [Hezt |Mean Mean Cambus- Remarks
2] flow, |[inlet flow,| air nozzle tem-~ |input,|combus- temper- tion effi-|
1b/sec|reference |1b/hr| ratio|differ- perea-|Btu/1b| tor—out- jature olency,
veloclty ential ture, alr |let tem- jrise percent
(nomineal}, pressure,| op perature, | through
£t/sec 1b/8q oR combustor,
in. op
4£5011.300 130 24.0(0.0051 21.8 81 g8.2 670 168 41.5
451 t1.300 40.4| .0086 — 8l 165.3 765 263 39.0
4521.300 56.6| .0121 28.7 81 231.5 850 350 37.5
4531.300 80.4| .0172 — 81 328.9 950 449 T 34.3 Blow-out
454311.000 100 25.2} .008¢ 25.3 81 125.4 720 219 43.3
45511.000 39.0) .0108 25.4 8l 207.4 955 453 54.2
456 |1.000 55.5] .0154 27.4 81 295.2 1170 670 57.6
45711.000 75.5| .0204 — 80 391.0 1275 775 51.2 Blow-out
458| .802 80 22.7| 0079 22.4 80 150.5 825 324 52.8
4589| .802 55.5| .0125 27.8 80 235.5 1120 619 66.1
460} .802 48.0} .01s86 29.3 80 318.4 1380 879 71.2
461 .802 65.1] .021¢9 -—— 80 418.5 1570 1069 67.5 Blow-aut
462 .800 &4 24.0| 0111 21.8 80 212.7 1120 621 13.2
4651 .600 32.5{ .0151 27.8 80 268.1 1405 907 81.0 Reaonance
?' 464 .600 41.8| .0194] 27.9 80 [370.5 1610 1109 78.8 Rescnance
[2a] 465 .600 46.5( .0215 —— 80 412.2 1670 1169 75.4 Blow-out
(&) = - ——
(1) 2-Pentene; combustor-iniet total temperature, 660° R
46611.300 173 25.0} .0053 31.0 77 101.8 §25 265 64.5
467|1.3500 37.6¢ .0080 32.3 76 153.1 965 305 49.9
. 468|1.300 53.7| .0115 33.6 TT 218.6 1040 380 44.1
469 (1.3500 71.0} .0152 ——— 79 289.1 1105 445 39.5 Blow-out
470| .60Q 79 22.3| .0103 27 4 80 196.7 1345 682 88.0
471] .600 31l.2| 0144 —_— 79 275.2 1630 968 92.9 3light resmance
- 472] .600 45.9 | .0213 34.0 T9 405.0 1965 1304 88.2 Resonance
473] .600 54.1 ) .0251 —_— 72 477.4 2135 1474 86.2 Blow-out
47411 .00 i32 24.8 | .0069 30.9 80 151.3 1055 396 75.1
47511.000 l 41.9 | .0116 34.8 79 221.8 1265 608 76.0
476 1(1.000 54.7| 0168 35.4 79 516 .0 1440 781 64.8
477 .80C 105 27.2 | .0094 31.3 82 180.0 1255 595 84.2
478 | _.800 47.3 ]| 0164 36.0 8¢ 312.9 1620 960 81.3
479} .800 57.6] .0200 34.8 79 381.2 1795 1135 80.5
480! .800 6§3.4| .0220 —_— 79 419.5 18355 11786 76.5 Blow-out
48111.000 132 55.5| .0149 34.4 80 283.2 1405 T 68.4
48211.000 [} 65.4 | .0182| ———- 80 [346.3 1490 829 65.2 Blow-out
(3} 2-Pentene; combustor-iniet total temperature, S00Y R ~
483 [1.300 130 21.9 .0047 22.0 82 89.2 710 208 56.6
484 |1.300 41.8 | .008% 28.0 65 170.2 860 359 51.9
485 |1.300 55.9 | .01319 27.6 65 227.6 g85 454 54.1
486 ]1.300 75.6 ] .0162 31.3 62 3507.8 1120 619 50.9
487]11.300 87.5 | .0187 44.6 62 356.4 1140 639 45.7 Blow-~out
488 | .598 60 24.0 } .0112 20.4 64 212.5 1210 710 84.2
482 .598 34.1 § .0158 26.3 &4 301.9 1525 1025 88.1 Silght resonance
490 .58B 46.4 ] .0216 28.8 85 410.7 1815 1315 85.7 Resohance
491 | .588 50.3 [ .0234 29.4 65 445.2 1865 1365 82.7 Blow=-out
492 )1.000 100 24.2 | .0087 19.5 T4 128.1 80S 303 57.8
483 1.000 43.4 | 0121 29.2 67 229.8 1085 5894 64.8
494 11,000 55.7 | .0155| 28.9 65 [294.8 1320 819 71i.1
495 1,000 74.0 | 0208 | 30.2 85 1391.8 1605 1005 67.2
496 |- .998 80.6 | .0224 34.9 65 427.5 1525 1023 63.0 Blow-out
497 | .800 80 25.2 | .0081 23.3 65 [155.5 870 370 59.2
498 .800 £1.5 | .0144 28.9 &6 |274..6 1310 810 T5.3
- 4891 .800 58.1 | .0202 30.4 65 564.4 1695 1194 82.3
5001 .800 66.0 | .0223 —— 85 436.8 1775 1274 78.1 Blow-~out
501 | .800 49.1 §.0171 28.8 §6 324.9 1485 994 79.5
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TABLE II. - Continued. PERFORMARCE DATA FROM SINOLE COMBUSTCR OPERATING WITH HYDROCARBON AND NONHYDROCARBON FUELS
[combustor-inlet total pressure, 14.3 in. Hg abs]
(k} Methanol; combugtor-inlet total temperature, 660% R
Run [Air Combustaor | Puel | Puel- |Fuel- Fuel |Heat [Mean Mean Combus-— Remarks
flow, |refaerence {flow,| air nozzle tem- |Input, |combus- temper- tion effs—
1b/sec|yelocity |1b/hr| ratio|differ- | pera-|Btu/lb|tor-ocut- |ature oiency,
(neminal), ential ture, air |let tem- |rise percant
£t /sec pressure,| op perature, | through
1b/8q - op combustor,
in. op
50210.800 19 33.6 |0.0156 25.2 87 130.2 810 148 28.4
503%| .600 47.6} 0220] ~ 6.1 87 184.5 870 309 41.2
504 -600 7T¢.0) 0343 30.9 88 206.8 1440 T19 71.9
505| .600 99.5] 0461 .82.3 1] 385.5 1795 1135 85.5
506 | .600 l21.8] .0S64 87.3 as 4£72.Q 1980 1319 az2.3
507 11.302 173 56.1] 0120 26.9 86 100.2 770 112 26.5
508 |1.302 75.9| .0LSs2 34.2 85 155.5 805 145 26.5
509 11.302 102.0| Q218 66.4 85 182.1 8390 230 31.9
510 |1.300 126.4| .0270 112.2 85 .} 226.1 965 304 33.5 Inlet pressure unsteady
511 1,300 3.4 .0138 25.4 as 113.4 785 125 20.7
512 [1.300 91.0] .01l9¢ 46.4 as 162.7 855 195 30.7
513 |1.300 113.5} .0243 78.4 85 203.0 960 280 354.8
514 (1.300 137.3| .0293 119.4 a5 245.6 1010 350 36.6
515 [1.294 150.0 | .0322 148.4 as 269.5 1080 401 38.2 Fuel flow limited
516 | .800 79 45,1 .0157 26.4 19 131.1 785 125 22.5
517 | .800 73.4] 0255 35.1 79 ° 213.4 1115 455 5L.0
518 | .800 99.01 Q544 7l.0 16 287.8 1400 759 .67.9
519 { .800 127.0 ) 0441 125.9 5 369.1 1835 976 T4.0
5201 .800 152.5| .Q830 180.4 T4 443.2 1835 1177 7.5 Fuel flow limited
521 | .800 30.7 [ .0LO07 25.2 7€ " 89.2 T16 55 15.9
522 [1.000 132 40.5] 0113 24 .4 T 94.2 155 75 20.2
5235 11.000 §7.31 .0la7 29.4 ki:d 156.4 865 206 35.5
524 R.000 95.7 -%3 65.9 79 222.5 , 1110 451 49.1
525 {1 .000 121.3] 7 111.4 76 282.0 1275 615 57.8
526 f1.000 154.0] 0428 1935.9 76 3568.1 1455 796 61l.4 Fuel flow limited
527 1.295 162.0| .0326 187.9 76 | 272.9 1070 413 38.2 Fuel flow limited
28 | 600 79 124.9 | .0578 121.9 76 484.0| ' 1980 1320 8Q.5
| 529 | .600 ‘ 131.0] .0807 —_—— T7 . ) 507.8 1338 78.3 Blow-out
. B%0 | .600 20.5| .0085 5.4 T 79.4 755 T35 21.2
L551 .800 105 21.1| 0073 21.3 81 §1.3 TS 83 5.0
- T o e - 0 £y . =
(1) Methanol; combustor-inlet total temperature, 500V R
532 | .600 80 41.0| .0190 25.9 Bl 158.9 585 54 7.7
533 | .600 E5.9} .0305 28.3 8Q 255.4§ ' 1075 576 56.8
554§ .600 §1.21 .0422 58.4 80 353.4 154Q 1042 81.8
535 600 116.6 | Q540 103.0 8Q 451.8 ' 1755 1255 80.1
536 | .60Q 133.1 | .QBLE |  —~rre—— 80 515.8 1810 13508 T4.7 Blow-cut
537 |1.005 PRis's N 83.11 .Q230 £7.9 81 192.3 30 251 29.4
538 |1.005 152.1 ] 0422 192.4 a1l 352.5 1180 682 54.0 Fuel flow limited
539 f1.003 55.4] .0153 26.7 80 128.4 535 34 5.0
540 11 .003 121.2) .0336 109.1 8¢ 280.9 a85 484 . 43.7
541 {1.005 141.4 | .O391 150.8 ag 327.1 1120 &20 53.1
542 [1.300 130 75.4| .0157| 3.5 | 85 '} 1s1.3|. B30 127 26.3
543 1.300 101.0 | G216 70.5 aq 180.6 B55 1S5S 12.0
544 |1.300 126.5 | .0@7T1 1l6.2 80 227.0 695 195 20.8
545 1.500 157.5 | Q337 188.8 80 281.7 815 315 28.7 Fuel flow 1limlted
G461 - 8o 54.0 [ ,0188 25.9 82 156.9 555 _ 55 9.2
- . .
547 | .800 75.6 | Q263 56.9 82 218.7 845 344 38.2
548 ] .800 100.1 | 0348 71.0 a2z 290.9 1135 634 57.1
5491 .800 127.5 ]| 04-3 119.7 az 370.5 1370 870 B85.6
550 | .80Q 154.T | .0535 —— a2z 447.5 1560 1059 68.3 Blow-out
581 | .800 146.0] .0S07 164.9 80 424.3 1485 985 656.4 Reaonance
552 .500 130 144.0] 0308 | 162.9 80 257.5}. 760 260 25.5
553 [1.3500 { 66.2| .01¢2 ————— ao 118.4 585 64 12.5 Lean blow-out
564 1 .000 100 92.5 | .0276 &8.1 al 231.3 455 354 33.8
555 [1.000 t 56.9 1 .0103 - 8l 85.8 520 1% 9.8 Lean blow-out
556 .738 aa 23.6] 0103 | -~--- - 81 86.2 510 10 7.2 Lean blow-out
5571 .595 &0 13.4| .0Q91 1.9 81 75.8 5158, . _. 16 7.9 Lean blow-out

2501




3554

CB-4 back

NACA RM E55BOZ

TABLE II. - Contioued.

27

PERFORMANCE DATA FROM SINOLE COMBUSTOR OPERATING WEITH HYDROCARBON AND NONHYDROCARBON FUELS

(m)}

{Combustor-inlet total preassure, 14.3 in. Hg abs]
Propylene oxlide; combustor-inlet total temperature, 660° R

RuntAix Comhus tor-| Fuel Fuel~ Fuel- Fuel | Heat Hean Mean Combus— Remarks
flow, |inlet _f[flome, | 8ir nozrxzle tem- input, [combus- tenper- tion effi-
1b/sec|reference |1b/hr | ratic | differ- |per- Btuflf: tor-out- f ature clency,

veloclity ential ature, air jlet tem- |rise percent
(nominal), pressure,| ©F pergnture. through
ft/sec 1b/aq - canbg;bor,
In.

£58 10.796 105 25.5] 0.0089 27.2 |-11 115.6] 1035 575 73.7

559§ .800 36.1 Q125 29 .4 64 162.8 1225 566 8l.6

580 | .801. 45.6 .0158 28.8 84 205.4 1380 720 . 4.4

561| .80l 62.5 0217 29.6 &0 281.8 1645 986 90.6

562| .798 96.3 -0335 .7 S8 455.6| 2085 1435 g2.9

583 .799 114.3 0587 88.0 58 516.4 2325 1665 91.6 Reaomance

564] .800 123.2 0428 — 57 555.9 2410 1750 90.9 Blow-out

585{ .595 79 35.2 0164 28.1 64 213.5 1415 ki3 87.5

566 | .597 §5l1.8 0240 28.6 63 32.0 1740 1080 97.0

557| .600 70.4 0326 26.9 &0 423.5 2035 1375 9l1.7

568 .600 82.3 .0381 42.0 59 495.1 2220 1560 88.8 Reaonance

569 | .600 94.1 0436 5 57 566.0 2585 1725 87.8 Resonance

570| .600 106.5 0483 68.9 58 540.7 2560 1901 87.0 Resonance

571} .600 116.7 0540 — 58 702.1 2660 2000 85.0 Temperature limited

572] .600 43.7 .0202 28.0 58 262.9 1605 — 93.6

5751 .600 42.9 .glag 268.8 &8 258.1 1570 908 90.5

574 11.303 175 50.7 L0108 3.9 61 140.5 1075 416 66.8 Resonance

575 (1.302 85.5 0140 30.9 58 181.5 1185 525 68.7

576 [1.302 76.9 0164 31.4 56 a35.2 1290 630 75.1

STT|1.501 86.9 .0188 38.4 55 241.0 1385 726 75.5

578 11.301 93.5 L2212 53.5 54 276.0 1510 850 79.9

579 |1.299 n1.3 .0258 BS.T 53 509.3 1610 a51 80.3

580 11.299 120.8 .0asa 85.2 53 335.6 1695 84.1

S8141.299 128.5 .0275 _96.7 52 357.1 1740 1081 81.5

582(1.300 146.5 .0313 131.8 52 406.7 1840 116l 79.2

585| .995 132 58.0 0106 32.4 65 137.9 1120 459 76.8

584 .995 57.1 .0159 52.4& 64 207.1 1380 698 84.7

585] .995 8.3 32.4 62 264 .0 1620 959 87.7

586 | .995 92.5 0258 54.9 62 335.5 1790 1129 93.9

58T7| .995 il2.5 0314 88.7 62 408.1 2005 1345 g92.9

588 | .995 132.0 ~O369 148.8 66 478.8 2175 1514 89.7

589} .995 140.8 .0383 — 86 510.8 2220 1559 ar.2 Blow-out

590| .995 91.0 0254 66.9 66 .0 1760 1093 9l.4

581} .955 65.8 .0178 37.8 67 251 .4 1460 793 85.3

592 .597 79 8.2 0131 26 .4 i 170.5 1265 603 83.0

5935| .598 I £5.2 0201 27.7 71 £80.8 1580 918 90.0

594 .598 56.4 0271 30.6 0 352.4 1845 1186 94.0

595/1.003 132 122.0 0338 5.0 80 439.1 2080 1598 89.7

596 |1.004 53.3 Q148 33.9 79 191.7 1235 6354 82.7

597|1.003 107.3 L0297 72.8 T8 386.1 1920 1259 91.9

598|1.004 124.3 Q0344 —_—— T 446.9 2090 1429 89.7

599 |1.004 4.4 0095 32.0 82 1235.7 130 468 83.4

8001 .802 105 33.4 -.0l16 31.9 a3 150.35 1210 546 79.7

601 .802 ‘ 83.2 0288 38.9 80 374.5 1915 1255 94.0

602| .802 7.1 -03356 R 58.0 80 457.1 2100 1440 92.9

(n} Propylene oxide; combustor-inlet total tempersture, S00° R

603 {0,598 50 49.7 ) ¢.0Z31 28 .4 71 299 .9 1835 1034 88.4

804) .598 65.8 0296 28.6 70 385.0 lags 1325 93.5 Resongnce

805| .598 72.8 0338 31.4 68 459.3 1990 1489 4.4 Reacnance

606 | .598 82.0 .0581 40.0 66 494.9 2115 1614 92.0 Resonance

607| .598 101 .4 0471 0.0 66 €12.0 2375 1874 87.9

g08{ .598 116.3 <0540 101.9 67 701.9 2560 2059 86.0 Blow-out

509 | .598 57.7 .0268 25.8 68 548.2 1665 1164 8g8.2

610] .7968 8o 55.0 0122 3.6 70 158.3 100Q 498 77.1

611] .798 ' 68.5 .0238 30.0 70 305.8 1565 1063 89.4

612| .798 83.7 .0291 45.2 69 376.5 1800 1299 83.5 Resonance
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TABLE I1. - Continued.

[Combustor-inlet total presaure, 14.% in. Hg abs]

(n) Concluded.

RACA RM ES55BOZ2

PERFORNANCE DATA FROM SINGLE COMBUSTOR OPERATING WITH HYDROCARBOW AND NONHYDROCARBON FUELS

Propylene oxide; combustor-inlet totel temperature, SOV R

Run |Air Combuator- [Fuel { Fuel- |Fuel- Puel |Heat |Mean Mean Combus~ Remarks

flow, |inlet flow, |.air nozzle tem- input, jeodbus - temper- tioth effi-

lb/sec|reference [lb/hr |{ratlo |differ- |[per- |Btu/lb|tor-ocut- |ature clency,

veloclity ential . | ature ailr [let tem- | rise percent
(nominal), pressure, o “ lrerature,| through
£t/sec in/8q : R combus kor,
in. oy
613|0.798 ?0 95.7 { 0.053 63.5 3] 432.8 1965 1463 4.2 Reaonance
6l4] .798 113.0 0593 —— 69 $11.1 2180 1673 5.0
615]1.00G 100 47.0 <0131 26.1 &5 169.7 990 489 72.1
616 11.000 67.8 .0188 25.8 &5 244.7 1285 785 az2.3
617|1.000 85.0 “ozso 5T.7 .11 299.6 1505 1004 86.2
618 [1.000 105.3 .0295 .9 &4 3a85.1 1800 1300 82.2
619 |1.000 124 .5 0348 104.6 64 452. 1990 1490 91.5
620 [1.000 133.0 0369 —— 65 480, 1995 1495 88.6 Blow-out
621 [1.303 130 56.1 Q)20 . 27.8 64 155. 895 394 65.6
622 11.308 74.0 0158 51.1 52 ZJI..Q, 1045 544 68.0
623 |1.303 88.0 .0188. 48.2 51 243.8 1210 710 5.2
624 |1.304 103.0 .0219 3.1 &L 285.1 1375 875 8.4
625 (1.304 1158.7 .0255 101.5 62 3351.3| 1525 1025 80.0
626 [1.302 129.5 0276 140.1 64 359.0 1575 1075 79.2
827 |1.312 145.8 -0311 ——— 65 404.1 1685 1185 18.9
T
628 {1.3500 154.1 L0829 195.8 65 427.9 1750 1230 7.2 Puel flow limited
829 | .795 ag 72.5 0253 29.2 68 329.1 1805 11085 88,2
630] .795 ’ 116.8 Q408 92.4 67 530.3 2180 1681 89.7 Blow-out
6311 .794 . 62.3 Q218 a8.9 1} ] 1480 980 88.5
6321 .995 1r) 94.9 0285 58.7 66 34L.2 1665 1185 ag.4
633 .993 118.3 0331 102.8 -1 430.0 1825 1425 91.4
854 | .587 60 55.8 0167 6.1 [-1:3 216.5 1225 T25 a7r.2
635( .800 ?O 75.5 0262 3l1.6 58 339.8 1650 1150 89.0
636 .800 63.0 0213 aM.4 66 4.3 1470 - 970 86.5.
637 [1.295 130 144 4 U310 161.1 67 402.4 1700 1188 80.0
638 |1.295 * 160.8 0545 190.4 67 447.8 1755 12354 T4.3 Fuel flow limited
639 [1.295 132.4 -0284 ——— &7 569.0 1625 1124 80.7
(o) Dlethyl ether; combustor-inlet total temperature, 660° R

640 |1.000 132 35.7 | 0.0094 52.4 &8 136.2; 1040 361 0.3
641 {1.000 48.6 0135 354.5 89 196.4 1185 5256 85.8 Inlet pressure unsteady
642 11.000 64.3 Q173 32.9 50 259.9 1385 693 70.5 Inlet pressure unsteady
643 [1.000 80.8 0224 35.8 58 5.5 1555 895 73.3 Inlet pressura unsteady|
644 |1.000 101.2 .0281 50.7 &8 - .9 1705 1045 69.9 Inlet pressure unstsady
645 |1.006 1135.9 .(315 ———— 55 457.4 1728 1065 683.2 Blow-out
646 [1.000 107.1 .0298 57.4 51 432, 1755 1096 69.4
647 | .789 105 24.5 .0085 26.4 57 124. 1055 334 80.4
648 | .799 34.9 0121 27.6 &5 176.5 1210 549 77.7
648 | . 799 56.4 0196 31.6 -3 . 1558 895 85.4
650 | .799 T0.6 0246 34.9 K18 357.2 1775 1115 84.5
651 .798 83.3 -g290 35.4 .54 421. 1545 1284 85.0°
852 .803 g96.2 <O333. ——— ;] 484, 2075 1415 B2.3 Blow—out
653} .799 91.6 0319 59.2 55 464.4 2055 1395 84.5_
664 | .802 8l.3 L0212 27.9 59 8.9 1660 1000 86.6
6§55 E.SOO 175 29.0 0as2 52.9 = 90.2 00 240 86.7
856 [1.300 55.8 0119 31.3 69 173.4 970 310 45.0 3light resonance
637 1.300 76.8 0164 31.9 53 238.8 1065 405 .0
6§58 1.300 $35.4 .0120 41.3 58 230 .4 1150 490 4.4
659 {1.300 104.5 0223 5¢.2 57 324.9 1165 505 4.2
660 [1.300 103.5 221 55.4 56 521, 1196 535 43 .6
661 |1.300° 32.0 3068 30.3 61 99.§ 910 250 65.3
662 |1.300 56.8 .0l2) 3534 &0 178. 980 320 45.2
665 [1.300 104.1 02202 54.4 &0 325.6| 1165 505 41.0 Blow-out
664 | .600 9 25.0 | .0118 ‘28.8 65 _163..:' 540 80.8
665 ] .600 32.53]. . 26 .4 67 27.5 1370 710 a4.1
666 | .800 39.8 -0183 3.4 65 266.7 1540 879 87.3 Slight resonance
687] .800 48.8 0226 30.9 63 328.7 1725 1084 87.4 Slight resonanca
€88 | .600 69.3 0279 32.2 61 408.2 1935, 1275 8.1
669 | .600 75.0 03358 35.7° 59 491.8 2155 1495 86.3 Resonance
670 ] .600 77.8 560 —— 59 524.1 2215 1555 B84.7 Blow-out
671 .938 132 31.0 00886 £29.6 65 125.5 1030 370 75.4

3dse
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TABLE II. - Continued. PERFORMANCE DATA FROM SINGLE COMBUSTOR OPERATING WITH HYDRCCARBON AND NONHYDRQCARBON FUELS
[Combuator-inlet total pressure, 14.3 in. Hg abs]
(p} Diethyl ether; combustor-inlet total temperature, 5000 R

Run|Alr Combus tor—| Fuel Fuel- |Fuel- Fael |Heat |Mean Mean Combus-— Renariks

flow, |inlet flow, | air nozxle tEm- input, | combus- temper- tion effi

1b/sec| reference [1b/hr [ratico [differ- |per- |[Btu/ib}tor-out- |ature eiency,

velocity ential ataé.;e, alr [let tem- [rise percent
noainal), preasure, perature, | through
ft/sec 1ib/nq g ccmbgtor,
In.
672{1.300 150 50.4 | 0.0108 x5.9 58 156.7 81S 316 49.7
675(1.301 69.1 0148 28.7 56 214.6 960 460 S4.4
67411.299 88.2 .018% 35.3 53 274 .4 1080 580 S4.4
675([1.30Q 111.3 L0238 §5.2 5L 346.0 1110 610 45.0
676 |1.298 118.5 .0254 75.0 50 369.0 1110 610 42.4 Blow-out
677(1.299 118.6 0254 — 50 569.0 1085 585 £1.0 Blow-out
67811.298 102.2 0219 50.5 51 3518.2 1125 625 51.1
679} .792 30 28.2 0095 24.4 55 145.9 865 565 59.1
680| .791 42.1 .0148 25.3 58 215.0 1105 606 71.3
68l| .792 55.9 .0189 26.2 56 275.1 1345 846 80.3
882 .792 70.2 . 3.7 | 54 558.2 1585 1096 81.3
6683 | .730 79.1 0278 31.9 53 404.5 1715 1235 81.0
684 | .797 a4.2 .0294 —— 53 £27.0 1760 1260 78.8 Blow-out
685 .797 6l.2 L0213 29.1 54 510.4 1470 870 8l1.2
6861 .601 50 24.6 0124 23.8 §0 165.4 |85 485 70.9
687 .601 38.1 0167 26.5 60 242.7 1235 736 78.8
&38| .601 3.8 0202 28.6 60 293.2 1470 971 86.5 Resonsnce
689 .601 S6.1 .0259 30.8 58 377.1 1710 1209 86.1 Resonance
630 .601 58.5 0270 30.1 56 593.3 1745 1247 85.2 Resonance
631 |1.000 100 42.1 0117 29.0 59 170.1 885 385 57.7
892(1.000 54.7 -0152 27.0 58 221.0 1080 590 6T.4
693 |1.000 &7.2 .0187 27 .4 56 271.6 1255 754 71.3
654 |1.000 82.5 0229 32.1 55 333.5 1415 914 72.7
6951.000 97.7 0271 45.3 55 394.9 1455 855 64.1 Blow-out
696 .98) 104.8 0297 55 431.7 1420 21 57.7 Blow-out
(q) Carbon disulfide; combustor-inlet total temperature, 660° R

697 [0.800 79 29.3 | 0.0136 21 .4 &1 79.1 885 225 71.2
698} .600 35.6 .0165 2L.9 &2 96.1 940 288 75.1
6935} .601 40.8 .0188 22.0 82 10s.8 1010 350 76.7
700 .601 64.3 0257 26.3 &4 175.2 1220 560 82.7
701{ .01 88.4 0409 27.3 &5 258.2 1425 765 82.3
702| .602 118.3 0546 35.0 62 318.1 1650 g9l 8l.6
703 | .s02 149.0 .0608 62.6 58 £00.9 1850 1191 T8.2
704 .803 174.3 B 835.5 58 466.1 2020 I561 79.9
705 | .598 180.0 .Q88s 116.4 58 516.2 2110 1450 77.9
706 | .585 203.5 .0350 138.9 56 555.8 2210 1551 78.5 Fuel flow limited
707 80O 105 33.5 Q116 3.1 61 67.8 870 211 71.8
708 .80 58.2 .0202 26.5 64 117.7 1035 376 8l.0
708 | .800 84.9 0294 27.5 65 171.6 1210 549 81.5
710 | .800 ils.l 0410 35.9 &5 259.0 1425 763 82.5
711 | .800 148.3 .0515 64.4 €0 300.2 1605 ' 946 82.2
712| .800 43.4 0151 26.9 0 87.9 930 250 76.5
3] .80 150.5 .0522 121.9 58 304.2 1630 970 81.6
714 | .795 |165.0 0577 154.9 56 556.1 1795 1055 8l.1
715} .792 681.1 .06355 I151.4 56 570.3 1880 1120 80.3 -
716 | .795 i87.1 0855 172.2 55 582.0 1810 1150 80.4 Fuel flow limited
717}1.305 173 51.8 -.0110 28.8 &5 64.0 880 202 71.8 Inlet pressure unateady|
718 }1.305 85.6 .0182 28.9 &7 106.2 985 327 3.6
719 )1.302 120.5 0257 47.0 &2 148.7 1135 475 79.7
720 (L .303 160.6 .0342 98.6 59 199.6 1290 630 8l.5
721 [1.303 181.5 0387 151.4 55 225.3 1365 705 aa0.2
722]1.302 184.0 0414 160.4 54 241.3 1415 756 80.4 Fuel flow limited
723 .799 105 117.0 0407 44.2 &4 237.2 1415 755 82.0
724 | .788 155.8 -0542 §3.9 16 316.0 1640 929 8l.3
725 799 1s2.1 0668 158.4 1€ 389.4 1820 1160 79.9 Fuel flow limited
726 | .798 17.0 0268 27.3 16 156.2 1170 510 82.8
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PEAFCAMANCE DATA FROM SINQLE COHBUSTOB OPERATINQ WITH HYDROCARBON AND NONHYDROCARBON FUELS
[Combustor-inlet total preusure, 14.:5 :l.n Hg absl )
(r) Carbon disulfide; combustor-inlet total temperature, S00° R

Run | Air Combus tar-] Fuel Puel- | Puel- Fuel | Heat jMean Mean Combua~ Remarks
flow, |[1inlet flow, | air nozzle tem— -1 input, | combuas-- temper-~ tlon effi-
1b/sec|reference |1b/hr | retio | differ- |per- | Btu/lb|tor-out- | ature clency,
veloolty ential _ | ature, air |let tem~ | rise percent
{nominsl}, preasure,| °F : perature,| through
£t/sec 1b/8q SR ccmbnbutor,
’ " P
72711.30) 130 90.5 | 0.018% ——— 62 1i12.6 825 325 73.2
7281{1.301 117.4 08510 -e—— - 51 146.1 8§55 454 T1.5
729(1.300 148.0 0316 — 60 |, 184.3 1100 600 81.3
7501 .300 174.0 L0372 —— 59 216.8 1215 715 81.7 .
73111.300 203.5 L0435 ~—= -} 58 2583.5 1335 834 8.1
732] .802 8o 49.1 .0170 —— 62 8g.2 800 300 7.3
733§ 802 T1.5 0247 ——— 62 144.0 965 465 8l.2
134 800 102.5 .0356 — 62 7.5 1185 695 4.6
735| .800 132.2 0459 — 60 . 267.6 1400 900 86.4 )
736 | .800 154.2 0535 —— [:]4] 3l2.1 1555 103% 86.3
1377 .802 178.0 .0B17. ——r 60 - 389.5 1685 1165 85.0 -
7381 .801 204.0 .0707 —_— 80 4l2.4 1810 1310 a5.9
7391 .600 s} 4.2 .0205 21.6 66 119.5 86Q 362 75.7
740 | 604 82.0 .0285 23.9 65 186.3 1045 545 81.0
741} 600 85.1 0394 25.6 &6 2pg.7 1245 746 82.1
42§ 600 110.5 .0512 50.4 .28 208.3 1460 960 as5.1 -
743 | .599 155.0 0626 51.7 60 365.1 1655 1155 82.9
7441 .598 165.2 0767 83.5 59 447.3 1845 1345 80.0
745 .598 187.3 .0870 114.4 58 7.2 1985 14886 78.2
T46 | .598 204.5 0950 l4l.9 - 58 563.7 2075 1575 7.9 Fuel flow limited -
{8) Acetone; combustor-iniet 6 enpers 5 R e e =
747 |0.600 79 25.5 | Q.0109 23.1 17 131.6 960 297 54.0
748 .800 39.0 .0181 29.6 77 218.4 1170 503 80.0 3
743 | .60Q 50.9 0258 27.9 75 284.9 1540 879 80.3 H
7501 .600 . 62.8 0291 28.7 75 351.6 1790 1130 87.4
751 .800 76.9 .0358 — 15 .5 1955 1294 83.4 Resonance »
752 | .600 3.0 0338 33.0 75 408.8 1930 1269 86.7 Resomance
753 (1.005 132 37.4 .OLO% 268.2 7 125.3 20 260 52.5
754 |1.003 53.7 .0149 29.0 77 179.8 1050 390 54.6
755 (1.003 65.9 .0183 28.3 77 220.7 1210 550 65.1
756 |1.003 TT.1 0214 34.5 77 258.2 1335 875 §6.0 R
757 .986 935.2 .0280 56.4 T4 514.3 840 69.7
758 | .996 108 .4 0302 81.0 T4 3585.6 1575 915 &6.6
799 | .996 122.8 03542 —— T4 414 .1 1525 866 55.7 Blow-out *
760} .801 105 43.9° 0152 27.3 80 lB4.1 1100 440 60.0 .
761 { .801 23.1 0080 24.4 80 86.9 900 2359 58.5
752) .802 §3.2 .021% 8.4 80 264.7 1470 809 T8.4 Te
763 | .802 T7.8 .0269 36.4 80 325.1 1850 9839 al.2
7641 .802 95.4 0524 80.4 77 391.2 1825 1165 8l1.2
7651 .802 207.4 0372 —_— 77 449.9 1825 1164 70.4 Blow-out
766 |1.300. 173 57.2 0079 28.6 77 96.1 850 188 52.5
767 11.300 . 53.5 0114 29 .4 77 138.2 830 229 42.2 ’
788 |L.300 5.2 Q161 32.9 77 194.4 950 3350 44.2 -
769 |1.500 98.3 0212 §6.8 7 256.5 1135 473 48.0
770 [1.300 1551 0288 —_— 7 349.2 1125 464 34.0 Blow-aut ~. _
771 1.300 100.0 0214 68.9 77 258.4 1145 484 48.1
- 32
772 [1.300 122.8 .0262 118.0 7 317.3 119G 529 42.8 i
775 j1.002 132 63.5 .0176 28.9 1% 212.9 1155 494 59.9 _ -
774 |1.002 a7.2 0242 35.4 84 2§2.4 1415 754 65.8 -
775 [2.002 117.4 0328 75.6 84 393.7 1610 949 65.3
776 p.0Q2 124.3 03545 85.8 as¢ 416.8 1570 ° 908 99.0
777 ]1.000 129.9 .0361 —_— a4 436.4 1525 a4 53.0 Blow-out
778 1.302 173 T6.1 .0lé2 30.4 84 196.4 265 305 7.7
779 11.302 L 112.4 .0240 77.0 84 290.0 114S 485 42.3
780 1.302 141.8 .0303 ——— 84 365.8 11.50 491 54.6 Blow-out
761 [1.000 132 53.0 0147 27.0 84 178.0 1060 400 55.6 -
o T T T T I L T S e Cov iy —aramt e
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TABLE II. - Contimied. PERFORMANCE DATA FHC_)!!S_INGLE COMBUSTOR OPEHATING WITH HYDAOCARBON AND RONHYDROCARBON FUELS
[Ccombustor-inlet totel pressure, 1l4.3 in. Hg 2bs]
(s) Concluded. Acetone; combustor-inlet total temperature, 660° R

Run{Air Combustor- ([Fuel | Fuel- | Fuel- Fuel |Heat |Mean Mean Combus— Remarks

flow, |inlet Lflow, { elr nozxzle tem- Input, (combus— temper~ tion effi~

1b/sec| reference [1b/hr | ratio | differ- per- |Btu/1b|tor-ocut- | ature clency,

veloclty ential ature, alr [let tem- | rise percent
(ngm:/t'nal), pricalx,ure_. op pergnt:ure, thrwgzor
t/sec b/eq c.mbgz »
in. 7
782|1.073 132 103.2 | 0.0267 62.4 84 325.0 1555 895 5.5
78311.010 35.0 0086 31.0 86 116.4 §30 270 55.8
7684|1.010 125.6 0345 —_— 86 417.7[ 1540 880 56.3 Blow-out
785 .600 79 55.4 0164 27 4 86 1s8.2 1245 584 77.5
766| .600 45.3 0210 28.4 86 255.6 1445 783 78.3
787] .SBS 76.0 .0561 —_— 8s 4£36.5 1980 1298 B82.4 Blow-out
788]1.298 173 37.0 0079 30.4 a6 95.8 850 18% 51.5
789]1.298 75.9 0162 31.4 85 196.4 955 294 359.4
79011.298 114.5 0245 79.1 a5 298.3 1160 499 4£42.8
79111l.298 141.8 0303 —_— 85 366.9 1140 479 33.9 Blow-out
792(1.298 135.5 0290 117.9 85 350.7 1210 549 40.1
795|1.288 40.1 .0086 30.4 a5 103.8 855 193 47.5
734(1.298 85.4 0179 35.8 86 215.9 995 334 41.3
795(1.238 90.4 .0194 45.4 88 254.0 1045 384 42.1
7961:1.258 121.8 Q261 91.8 a6 315.2 1180 520 42.2
797|1.298 142.5 0305 — as 368.7 1145 4952 33.6 Blow-out
(t) Acetone; combustor-inlet total temperature, 5007 R
7980 .600 50 39.9 1 0.0185 27 .4 7F 223.4 970 471 52.9
793 .600 25.1 0107 22.8 77 129.3 700 201 39.7
800] .800 50.5 0254 26.9 77 282.8 1245 745 67.0
8a1} .s00 65.5 0294 28.8 77 355.6 1800 1097 82.1 Resonance
8021 .600 T4.1 0343 — 7 414.5 1660 1160 75.4 Blow-out
803[ .800 50 35.0 .0l22 25.3 79 146.2 730 230 41.3
804} .800 24.5 -.0085 22.0" 102.9 655 155 .9
805] .800 56.1 .0195 26.9 79 255.6 1035 535 57.8
806| .800 T4 .4 0258 2.4 79 312.4 1325 825 66.7
807 .800 92.5 .0521 55.9 79 388.5 1585 1085 T5.4
8081 .800 100.4 0549 — 79 421.6 16830 1130 72.5 Blow-out
809| .999 100 35.8 0094 25.7 81 115.7 660 161 354.2
810 .999 51.7 -0144 25.0 81 175.9 7685 206 40.1
8ll| .989 71.7 0199 28 .4 80 241.2 97C 470 49.9
8l2 .98S 98.5 0274 55.3 ag 351.3 1280 760 58.6
813[1.026 125.1 -0533 $6.5 a0 &03.0 1550 851 55.7
814]1.003 120.7 0554 92.8 ao 404.3 1410 810 89.5
815(1.003 129.2 .0558 —_— a0 432.7 1290 790 47.8 Blow-out
8161.300 150 57.2 .0122 26.0 80 347.8 690 190 3.2
817]1.30C 55.6 .0076 23.9 80 92.0 840 141 36.4
818(1.300 88.0 0188 37.6 8a 227.4 805 506 55.3
812|1.300 117.5 0251 82.35 8Q 303.7 .980 481 38.6
82011 .300 144.8 0309 —_— 80 374.2 865 465 34.9 Blow-out
821 (1.300 65.4 0140 27.1 84 169.0 715 2315 30.8
82211.300 i04.9 0224 63.8 84 271L.0 915 415 3T.4
82311.300 135.5 .0290 7.4 24 550.1 1005 504 36.4
824 (1.308 343.5 0507 — aé 370.8 965 463 4.2 Blow-out
825) .801 80 45.0 .0156 26.4 84 188.7 895 354 54.7
626 |1.298 150 38.7 .0C83 26.2 a6 100.2 655 155 39.3
62711.298 93.7 .g201 48.1 88 242.5 865 364 35.5
(u) Butylsilane; combustor-intet total temperature, 660° R

828 {1.300 173 54.2 | 0.0116 30.4 83 212.7 1400 740 90.7
8291.30C 350.0 .0064 30.3 85 117.6 1080 420 84.4
830 [1.300 T4.7T .0160 48.4 85 293.1 1580 220 85.0
431 (1.300 105.6 0221 98.8 84 406G .4 1940 1280 86.0
832(1.300 105 .4 0234 107.4 85 429 .4 1975 1318 83.2 Exhaunt limited
853] .60C 79 22.0 .0102 29.5 86 187.0 1330 870 95.8
834{ .60C * 61.1 .0283 59.4 86 519.6 2040 1379 73.5
835| .600 120.1 0556 147 .4 86 1021..0 2685 2024 8G.9 Temperature limited
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TABLE 11. - Concluded. FPERFQAMANCE DATA FROM SINGLE COMBUSTOR OPERATING WITH HYDAOCAHHUN AND NONHYDNUGAMHUN rUKLs

[Combustor-inlel_ total pressure, 14.3 in, Hg abal : P
(v} Butylsilane; combustor-inlet total temperature, HuJd¥ R
Runj Air Combustor-{Fuel Fuel- Puel- Fuel Heat Mean Mean Combus- Rumarks
floW, [inlet flom, | air nnzzle tem-—- laput, | combus- temper- tlot cff i
lb/sec|reference |lb/hr | ratio | differ- |per- [Btu/lb|tor-out- | ature eleney,
velogity . ential at%re, air [let tem— | rime percent
(nominal}, prespure, F perglliure, through - .-
rt/sec 1b/sq combustor, :
in. op :
d5611.300 L 34.7 | G.0074 30.8 89 136.1 g7C¢ 471 91.5 _
s37(1.300 96.0 .Q205 83.0 as 376.7 1630 11239 ac.$
u36(1.300 12¢4.0 0265 l1i4.4 a3 486.7 1925 1424 79.6
83911,300 . 1235.1 02863 —_——— 83 4B3.0 1955 1454 82.0 Exhaust limijted
840 .600 60 71.9 0333 49.4 a5 611.4 2070 15639 T1.4 Resonance
a4ll ,600 } 117.1 0542 14B8.4 B4 935.6 2755 2254 87.8 Resonance
w42 .600 29.1 0135 ———— 84 247.4 1400 902 94.9
- T TR TS T e e e e e T P — . iR imEam
(w} Aorylonitrile; combustor-inlet total temperature, 550V R
i e an
84311.300 173 58.5| 0.0148 30.4 19 01.2 1080 420 55.4 .
B4t .594 79 24.8 -.Qlle 27.4 a1 159.4 1140 473 76.1
845 594 B3.1 .0248 25.8 ai 3541.3 1790 1130 88.5 -
846} (5394 1.7 0429 80.4 ai 589.5 2460 18Q0 ar.a Reagnance R
d47( .594 115.0 0538 102.4 8l 739.5 2540 1800 74.5 Blow-out
848{1.301 173 31.8 0068 26.8 8l 93.3 845 187 43.5 .
84911.301 t 76.6 .0164 29.9 80 224.6 1080 431 47.8 =
950 |1.301 123.Q .0263 114.4 78 360.8 1510 848 B2.4 Fuel flow limited i
851 ] .598 79 72.3 .0336 356.3 79 461 .4 2075 1415 a5.0 Resonance . ==
a52| .598 ; 49.7} .0231 30.6 80 317.1] 1130 1071 89.7 Hesonance .
355) .598 70.8 0329 55.3 80 451.8 2075 1418 a87.1 Reaonance
454 )1.300 173 §2.3 .0197 75.4 &0 271.0 1280 620 58.7 Reconance *
(x) Acrylonitrile; combustor—iniet total temperature, SOU° X T - .
855]1.301 150 36.8 | 0.0079 26.9 L 108.0 530 130 30.2 . —I
o56|1.298 71.0 0152 32.6 77 208.7 a65 355 42.4 »
85711.298 129.7 .0278 119.4 76 561.4 1260 7680 54.4 Fuel [low limited
654 |1.298 93.2 01399 75.4 17 274 .0 1055 555 52.0 -
.598 27.2 0126 26.8 T8 175.5 965 464 8.6 .
860| .598 55.9. .0260 30.3 17 356.7 1680 1158 " B4.9 Hesanance -
861| .598 85.7 0445 79.7 77 810.7 2285 1785 g2.8 Resonance
862] .598 112.¢0 0520 92.4 77 710.4 2345 1845 5.6 Blow-out
865| .598 3.8 0343 85.4 78 471.0 2070 1570 22.0 Reaonance
(¥} Acrolein; combustor-inlet total temperaturs, 88U K e
d6+|1.300 173 58.9 | 0.0128 26,2 82 152.2 1030 370 59.8 }
855(1.300 58.5 .0146 27.4 a5 174.0 1120 461 67.1
86611 .300 968.9 0211 57.4 85 a5].2 1410 761 79.0
467 11.300 140.3 L0300 132.4 as 156.4 1705 1053 9.3 Fuel [low limited
d6s ) .600 73 49.0 0227 31.1 as a69.7 1435 773 T4.9
869 .600 23.7 01358 27.8 85 163.5 1145 484 4.9
870| .600 58.9 0273 31.9 86 324.2 1670 1008 B83.8
871] .500 87.1 0403 £1.9 85 479.3 2095 1435 85.0
872 .600 128.5 .0595 —— BS H71.3 2630 1869 83.5 Blow-out
(z) Acrolein; combustor-inlet total temperature, S00° R - = e
675)1.300 130 308.4 ] 0.0082 ©31.% - 82 87.5 670 169 49.4
474 |1.300 I 57.0 0l22 31.0 83 144.8 780 260 44.5
a?7511.500 85.3 .0la2 42.4 a3 216.7 1030 530 83.0 -
876 [1.300 ‘ 141.6 0303 94.0 a3 359.7 1525 1025 75.4 Fuel (low limitad
477 [1.300 107.2 .ge2s 89.4 83 arTa.4 1280 T80 T4.2
576 | .598 [:14] 31.0 .0léd 6.4 as 171.2 1020 520 7.0
u?4| .598 50.1 0233 30.4 83 276.6 1385 84as 83.5 _
du0 | 598 77.8 0361 37.4 83 429.6 1900 1400 8s.2
dal | .598 128.8 0599 —— a3 1.7 2485 1986 82.5 Blow-out
de2| .598 897.6 0453 4.4 a3 538.8% 2270 1770 93.5 Resonance
e e = T IO DN R e 1=
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Figure 2. - Cross sectlon of single combustor installation showing auxiliary ducting and
location of temperature- and pressure-measuring instrments in instrwerentation planes.
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Average combustor temperature rise, F
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Figure 5. - Variation of average combustor temperature rise and combus-
tion efficiency with heat input for four values of inlet-air mame flow.
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(=) Side view of combustion-chamber liner and fuel nozzle.

Figure 18. - Bilicon deposits in J33 combustor resnlting from use of tutylsilane fuel.
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Figure 18. - Concluded. Silicom deposits in J53 combustor resulting from use of butylsilane fuel.
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Figure 20. - Comparison of combustion efficlency with wmeximm fundsmental burning veloelty. Inlet-gir tem-
Perature, 40° F; inlet-air flow, 1.0 pounds per secondy inlet pressure, 14.3 inches of mercury sbsolute;
heat-inpui value, 250 Btu per pound of air.
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(a) Air flow, 0.6 pound per second.

Figure 21. = Veriation of combustion efficlency. Heat input, 250 Btu per
pound of alr.



60

Combustion efflciency, percent

100

80

60

100

80

60

NACA RM E55B02

I ! I I

Fuels

Figure 21. - Continued.

(b) Alr flow, 0.8 pound per second.

Heat input, 250 Btu per pound of air.
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(¢) Air flow, 1.0 pounds per second.

Figure 21. - Continued. Varlastion of combusiion efficiency.
Heat input, 250 Btu per pound of air.
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Figure 21. - Concluded. Variation of combustion efficiency. Heat input,

250 Btu per pound of air.
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Figure 22, - Comparison of meximum combustor temperature rise
with maximinm fundamental burning velocity for nine hydro-

carbon and two oxygenated hydrocarbon fuels. Inleft-glr
pressure, 1l4.3 inches of mercury absolute.
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